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(54) Separator, gelated electrolyte, non-aqueous electrolyte, electrode and non-aqueous 
electrolyte cell employing the same 



(57) An inorganic compound with a specific induc- 
tive capacity not less than 1 2 is contained in a separator. 
This improves the degree of ion dissociation of a lithium 
compound as an electrolytic salt contained in an non- 
aqueous solvent present in and near voids of pores, 
while diminishing resistance against ion conduction to 
improve ion conductivity. 

An inorganic compound with a specific inductive ca- 
pacity not less than 12 is contained in a gelated electro- 
lyte. This improves the degree of dissociation of a lithium 
compound as an electrolytic salt contained in the gelat- 
ed electrolyte, the dielectric constant of the gelated elec- 
trolyte and ion conductivity, while preventing crystalliza- 
tion under a low temperature environment. 

An inorganic compound with a specific inductive ca- 
pacity not less than 12 is contained in a non-aqueous 
electrolyte. This improves the degree of dissociation of 
the lithium compound as an electrolytic salt and the de- 
gree of dissociation of the lithium compound as an elec- 
trolytic salt, while preventing crystallization under a low 
temperature environment. 

An inorganic compound with a specific inductive ca- 
pacity not less than 1 2 is contained in an electrode. This 
improves the degree of ion dissociation of a lithium com- 
pound as an electrolytic salt contained in an non-aque- 
ous solvent present in and near the electrode, to im- 
prove ion conductivity of the non-aqueous electrolyte 



present in and near the electrode. 
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(54) Separator, gelated electrolyte, non-aqueous electrolyte, electrode and non-aqueous 
electrolyte cell employing the same 

(57) An inorganic compound with a specific induc- 
tive capacity not less than 1 2 is contained in a separator. 
This improves the degree of ion dissociation of a lithium 
compound as an electrolytic salt contained in an non- 
aqueous solvent present in and near voids of pores, 
while diminishing resistance against ion conduction to 
improve ion conductivity. 

An inorganic compound with a specific inductive ca- 
pacity not less than 12 is contained in a gelated electro- 
lyte. This improves the degree of dissociation of a lithium 
compound as an electrolytic salt contained in the gelat- 
ed electrolyte, the dielectric constant of the gelated elec- 
trolyte and ion conductivity while preventing crystalliza- 
tion under a low temperature environment. 

An inorganic compound with a specific inductive ca- 
pacity not less than 12 is contained in a non-aqueous 
electrolyte. This improves the degree of dissociation of 
the lithium compound as an electrolytic salt and the de- 
gree of dissociation of the lithium compound as an elec- 
trolytic salt, while preventing crystallization under a low 
temperature environment. 

An inorganic compound with a specific inductive ca- 
pacity not less than 12 is contained in an electrode. This 
improves the degree of ion dissociation of a lithium com- 
pound as an electrolytic salt contained in an non-aque- 
ous solvent present in and near the electrode, to im- 
prove ion conductivity of the non-aqueous electrolyte 
present in and near the electrode. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a separator used for a cell and, more particularly, to a non-aqueous electrolyte cell 
employing the separator. This invention also relates to a gelated electrolyte obtained on gelating the non-aqueous 
electrolyte, a non-aqueous electrolyte cell employing this non-aqueous electrolyte, a non-aqueous electrolyte used for 
a cell, a non-aqueous electrolyte cell employing the non-aqueous electrolyte, an electrode used in a cell and to a non- 
aqueous electrolyte cell employing this electrode. 

Description of Related Art 

[0002] Heretofore, a nickel-cadmium cell and a lead cell have been in use as a secondary cell for electronic equip- 
ment. Recently, with the progress in the electronic technology, the electronic equipment is reduced in size and improved 
in portability. In keeping pace theewith, a demand is raised for a higher energy density of the secondary cell for electronic 
equipment. However, the discharge capacity is low in the nickel-cadmium cell or lead cell, such that it is not possible 
to raise the energy density sufficiently. 

[0003] Under these circumstances, researches are being conducted briskly in the field of the so-called non-aqueous 
electrolyte cell. This non-aqueous electrolyte cell features a high discharge voltage and lightness in weight. 
[0004] Among known non-aqueous electrolyte cells, there are a lithium cell exploiting lithium dissolution and precip- 
itation and a lithium ion cell exploiting doping/undoping of lithium ions. In these cells, conductivity of lithium ions play 
a significant role in the cell performance. 

[0005] Thus, for realizing a cell having a high capacity and superior load, low-temperature and cyclic characteristics, 
it is crucial how the ion conductivity in the cell system of the non-aqueous electrolyte cell is to be improved. 
[0006] So, in e.g., a non-aqueous electrolyte of the non-aqueous electrolyte cell., it is contemplated to raise the ionic 
conductivity, such as by employing carbonate-based or an ether-based non-aqueous solvent, having high chemical 
and electrical stability and a high dielectric constant, and by employing an imide-based lithium salt, having a degree 
of dissociation higher than that of routine LiPF 6 or LiBF 4 , as an electrolytic salt. 

[0007] On the other hand, if lithium ions are to be migrated between the positive and negative electrodes, the lithium 
ions need to be transmitted through a separator, which is known to be generally lower in ionic conductivity than the 
electrolyte. 

[0008] For reducing the resistance of the separator to ionic conduction, it may be contemplated to increase the 
porosity or to reduce the film thickness. 

[0009] However, in a separator in which ionic conductivity is improved by these methods, there are raised problems 
as to functions as the diaphragms of the positive and negative electrodes, mechanical or thermal strength or uniformity 
in the film thickness. Thus, these methods may not be said to be optimum. 

[0010] On the other hand, if a gelated electrolyte is prepared by the combination of the routine solvent and the 
electrolytic salt, ionic conductivity cannot be optimum. 

[0011] Moreover, if the non-aqueous electrolyte cell is produced by the combination of the routine solvent and the 
electrolytic salt, ionic conductivity is not sufficient. Thus, it is not that easy to provide a non-aqueous electrolyte cell 
which is superior in capacity, cyclic service life, heavy load characteristics and in low-temperature characteristics. 
[0012] Also, if the non-aqueous electrolyte cell having a high energy density is to be realized, it is necessary to 
increase the capacity of the active material in the electrodes as well as to increase the amount of the non-aqueous 
electrolyte enclosed in the cell. In general, the non-aqueous electrolyte cell is made up of the separator and the current 
collector in addition to the active material. Since these components are not pertinent to charging/discharging, the vol- 
ume of these components in the non-aqueous electrolyte cell is desirably as small as possible if the non-aqueous 
electrolyte cell is to be of high energy density. 

[0013] For decreasing the volume of the separator and the current collector, the thickness of the active material may 
be reduced to as small a value as possible, with the electrode area being then as small as possible. However, in a 
well-known manner, the thick thickness of the active material leads to lowered load characteristics. If a method for 
producing the non-aqueous electrolyte cell or the electrode is to be optimum, it cannot be advisable to increase the 
thickness of the active material as high load characteristics are maintained. 

SUMMARY OF THE INVENTION 

[001 4] It is therefore an object of the present invention to provide a separator having high ion conductivity and a non- 
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aqueous electrolyte cell superior in capacity, cyclic durability, load characteristics and in low-temperature characteris- 
tics. 

[0015] It is another object of the present invention to provide a gelated electrolyte having optimum ion conductivity 
and a non-aqueous electrolyte cell superior in capacity, cyclic durability, load characteristics and in low-temperature 
characteristics. 

[0016] It is a further object of the present invention to provide a non-aqueous electrolyte having optimum ion con- 
ductivity, and a non-aqueous electrolyte cell superior in capacity, cyclic durability, load characteristics and in low-tem- 
perature characteristics. 

[0017] It is yet another object of the present invention to provide an electrode which, when applied to a non-aqueous 
electrolyte cell, has high load characteristics, and a non-aqueous electrolyte cell having high load characteristics even 
if the active material is formed to a thick thickness. 

[0018] In one aspect, the present invention provides a separator containing an inorganic compound having a specific 
inductive capacity not lower than 12. 

[0019] In another aspect, the present invention provides a non-aqueous electrolyte cell including a negative elec- 
trode, a positive electrode, a non-aqueous electrolyte and a separator, wherein the separator contains an inorganic 
compound having a specific inductive capacity not lower than 12. 

[0020] The inorganic compound exhibiting dielectric properties, added to the separator, improves the degree of dis- 
sociation of the electrolytic salt (lithium salt) impregnated into separator pores or existing in the vicinity of the separator. 
[0021] The result is the decreased resistance of the lithium ions of the separator against ionic conduction and im- 
proved the ionic conductivity. 

[0022] Since there is no necessity of enlarging the porosity of the separator or forming the separator as a thin film, 
the function of the separator as a diaphragm between the positive and negative electrodes, mechanical strength and 
thermal strength can be achieved sufficiently. 

[0023] So, in the non-aqueous electrolyte cell employing ths separator, lithium ion migration between the positive 
and negative electrodes occurs smoothly to decrease the internal impedance to realize superior load and low-temper- 
ature characteristics. Moreover, if the ionic conductivity of the lithium ions is improved, the cyclic properties of the non- 
aqueous electrolyte cell are improved simultaneously. 

[0024] In still another aspect, the present invention provides a gelated electrolyte obtained on gelating a non-aqueous 
electrolyte solution obtained in turn on dissolving an Li-containing electrolyte salt in a non-aqueous solvent, wherein 
the gelated electrolyte contains an inorganic compound having a specific inductive capacity not lower than 12. 
[0025] In still another aspect, the present invention provides a non-aqueous electrolyte cell including.a negative 
electrode, a positive electrode and a gelated electrolyte, a gelated electrolyte containing an inorganic compound having 
a specific inductive capacity not lower than 12. 

[0026] The inorganic compound, exhibiting dielectric properties, added to the gelated electrolyte, improves the de- 
gree of dissociation of the electrolytic salt (lithium salt) in the gelated electrolyte. The result is the significantly improved 
ionic conductivity in the gelated electrolyte. 

[0027] So, in the non-aqueous electrolyte cell, employing this gelated electrolyte, lithium ion migration between the 
positive and negative electrodes occurs smoothly to decrease the internal impedance to realize superior load and low- 
temperature characteristics. Moreover, if the ionic conductivity of the lithium ions is improved, the cyclic properties of 
the non-aqueous electrolyte cell are improved simultaneously. 

[0028] in still another aspect, the present invention provides a non-aqueous electrolyte containing a non-aqueous 
solvent, an Li-containing electrolytic salt and an inorganic compound having a specific inductive capacity not lower 
than 12. 

[0029] In still another aspect, the present invention provides a non-aqueous electrolyte cell comprising a negative 
electrode, a positive electrode and a gelated electrolyte, with the gelated electrolyte containing an inorganic compound 
having a specific inductive capacity not lower than 12. 

[0030] The inorganic compound, exhibiting dielectric properties, added to the non-aqueous electrolyte, improves the 
degree of dissociation ofthe electrolytic salt (lithium salt) in the gelated electrolyte. The result is the significantly im- 
proved ionic conductivity in the gelated electrolyte. 

[0031] Moreover, in the non-aqueous electrolyte cell, employing this non-aqueous electrolyte, lithium ion migration 
between the positive and negative electrodes occurs smoothly to decrease the internal impedance to realize superior 
load and low-temperature characteristics. Moreover, if the ionic conductivity ofthe lithium ions is improved, the cyclic 
properties of the non-aqueous electrolyte cell are improved simultaneously. 

[0032] In still another aspect, the present invention provides an electrode for a cell in which an electrode mixture 
layer containing an active material is formed on a current collector, wherein the electrode mixture layer contains an 
inorganic compound having a specific inductive capacity not lower than 1 2. 

[0033] In yet another aspect, the present invention provides a non-aqueous electrolyte cell including a negative 
electrode, a positive electrode and a gelated electrolyte, wherein a layer of an electrode mixture containing an active 
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material is formed on a current collector of positive electrode and/or negative electrode, with the electrode mixture 
layer containing an inorganic compound having a specific inductive capacity not lower than 12. 
[0034] If the inorganic compound, exhibiting the dielectric performance, is added to the electrode, it improves the 
degree of dissociation of the electrolytic salt (lithium salt) in the non-aqueous electrolyte present in the layer of the 
electrode mixture or in the vicinity of the electrode. Moreover, in the non-aqueous electrolyte, present in the layer of 
the electrode mixture or in the vicinity of the electrode, the ionic conductivity is improved significantly, so that, if the 
electrode mixture is formed to an increased thickness, an optimum ionic conductivity in the electrode mixture may be 
achieved. If this electrode is used in the non-aqueous electrolyte cell, optimum load characteristics are achieved. 
[0035] In the non-aqueous electrolyte cell, employing this electrode, the conductivity of lithium ions in the electrode 
mixture is optimum to decrease the internal impedance to realize superior load and low-temperature characteristics. 
Moreover, if the ionic conductivity of the lithium ions is improved, the cyclic properties of the non-aqueous electrolyte 
cell are improved simultaneously. 

[0036] It will be seen from above that, since the separator of the present invention contains an inorganic compound 
having a specific inductive capacity not less than 1 2, the degree of dissociation of the lithium compound as an electrolytic 
salt contained in the non-aqueous electrolyte present in and near pores is improved to provide for high ion conductivity. 
[0037] Since there is no necessity of increasing the porosity or reducing the thickness of the separator, the function 
as a diaphragm of the separator is sufficiently guaranteed, while the separator may possess sufficient mechanical or 
thermal strength. 

[0038] In the non-aqueous electrolyte cell employing the separator, lithium ion migration between the positive and 
negative electrodes occurs smoothly to lower the internal impedance to realize superior load and low temperature 
characteristics, while the high capacity and improved cyclic characteristics may be achieved simultaneously. 
[0039] Moreover, since the gelated electrolyte of the present invention includes the inorganic compound having the 
specific inductive capacity not less than 1 2, the degree of dissociation of the lithium compound, as the electrolytic salt, 
is increased, so that the gelated electrolyte according to the present invention is superior in dielectric constant and 
ionic conductivity In addition, the gelated electrolyte according to the present invention is insusceptible to crystallization 
at low temperature environment. 

[0040] In the non-aqueous electrolyte cell employing the gelated electrolyte, lithium ion migration between the layers 
of the positive and negative electrode active materials occurs smoothly to decrease the internal impedance to realize 
superior load and low temperature characteristics, at the same time as high capacity and superior cyclic characteristics 
are achieved. 

[0041] Since the non-aqueous electrolyte according to the present invention contains an inorganic compound having 
the specific inductive capacity not less than 12, the degree of dissociation of the lithium compound, as the electrolytic 
salt, is increased, so that the gelated electrolyte according to the present invention is superior in dielectric constant 
and ionic conductivity. Also, non-aqueous electrolyte according to the present invention is insusceptible to crystallization 
at a low temperature environment. 

[0042] Moreover, in the non-aqueous electrolyte cell employing the non-aqueous electrolyte according to the present 
invention, lithium ion migration between the layers of the positive and negative electrode active materials occurs 
smoothly to decrease the internal impedance to realize superior load and low temperature characteristics, at the same 
time as high capacity and superior cyclic characteristics are achieved. 

[0043] Since the electrode according to the present invention contains an inorganic compound having the specific 
inductive capacity not less than 12, the lithium compound, as the electrolytic salt, contained in the non-aqueous elec- 
trolyte existing in and around the electrode is increased in the degree of dissociation. 

[0044] In addition, in the non-aqueous electrolyte cell employing the above electrode., the non-aqueous electrolyte 
existing in the layer of the electrode mixture or in the vicinity of the electrode is improved to realize superior ionic 
conductivity, so that the ionic conductivity of the entire non-aqueous electrolyte cell is optimum to decrease the internal 
impedance. In the non-aqueous electrolyte cell according to the present invention, load characteristics are optimum 
even if the active malerial(s) of the positive electrode and/or the negative electrode are formed to increased thickness. 
[0045] Thus, the result is the superior load and low temperature characteristics, a high capacity and appreciably 
improved cyclic characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] 

Fig. 1 is a longitudinal cross-sectional view showing an embodiment of a non-aqueous electrolyte cell according 
to the present invention. 

Fig.2 is a plan view showing a modification of the non-aqueous electrolyte cell according to the present invention. 
Fig. 3 is a cross-sectional view showing the non-aqueous electrolyte cell. 
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Fig.4 is a plan view of the non-aqueous electrolyte cell embodying the present invention. 
Fig. 5 is a cross-sectional view of the non-aqueous electrolyte cell embodying the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0047] Referring to the drawings, a separator, a gelated electrolyte : a non-aqueous electrolyte, an electrode and a 
non-aqueous electrolyte cell, according to the present invention, will be explained in detail. 

[0048] In the following, the structure and the component materials of the separator and the non-aqueous electrolyte 
cell are explained only by way of illustration. The present invention is not limited to the non-aqueous electrolyte cell 
given herein by way of illustration , since the structure or the material of the respective thin films may be suitably selected 
depending on the objective or the performance desired. 

[0049] The separator according to the present invention is used in e.g., a non-aqueous electrolyte cell and plays the 
role as a diaphragm for preventing contact and resulting shorting between the positive and negative electrode active 
materials, while playing the role as an ion conduction film by being impregnated with an electrolytic solution. 
[0050] The above separator is formed of a high molecular material, such as polyolefin or polyvinylidene fluoride 
containing olefins or vinyiidene fluoride, as repetitive units. The separator is normally a porous film having a multiplicity 
of fine pores. 

[0051] The separator of the present invention contains an inorganic compound, having a specific inductive capacity 
of not less than 12. 

[0052] Among the inorganic compounds, having the specific inductive capacity of not less than 12, there are those 
exhibiting ferroelectricity and those exhibiting paraelectricity. This does not matter if the specific inductive capacity is 
not less than 12. A higher value of the specific inductive capacity is desirable. The inorganic compound exhibiting 
ferroelectricity may be exemplified by BaTi0 3 and Ti0 2 . The inorganic compound exhibiting paraelectricity may be 
exemplified by BaO. 

[0053] These compounds are chemically stable and hence are insoluble or difficultly soluble in a non-aqueous elec- 
trolyte. Moreover, the compounds are not dissociated as ions, while the compounds are electrochemical ly stable and 
hence are not reacted with the positive electrode nor with the negative electrode. 

[0054] By the content of the aforementioned inorganic compounds, the lithium compound, as an electrolyte salt 
contained in the pores in the separator or in the non-aqueous electrolyte present around the separator, becomes higher 
in the degree of dissociation, so that the resistance to lithium ions in the separator is lowered to elevate the ion con- 
ductivity. 

[0055] The above separator may be a single-layer or a multi-layered film. If the separator is a multi-layered film, it 
is sufficient if the inorganic compound having the specific inductive capacity is dispersed in an optional layer. Of course 
if the separator is of a multi-layered structure, the inorganic compound having the specific inductive capacity of not 
less than 1 2 may be dispersed in two or more layers or in the totality of the layers. 

[0056] I n the following, the structure or the material making up the gelated electrolyte and the non-aqueous electrolyte 
cell is explained by taking an illustrative structure or material as examples. However, the present invention is not limited 
to the non-aqueous electrolyte cells, taken only as examples, such that any suitable structure or material of the re- 
spective thin films may be selected depending on the objective or properties desired. 

[0057] The gelated electrolyte, according to the present invention, plays the role of an ion conductor between the 
positive electrode active material and the negative electrode active material. 
[0058] The non-aqueous solvent may be exemplified by ethylene carbonate, propylene carbonate, dimethyl carbon- 
ate, ethylmethyl carbonate, diethyl carbonate, y-butyrolactone, ethylpropyl carbonate, dipropyl carbonate, butyl propyl 
carbonate, dibuthyl carbonate, 1 , 2-dimethoxyethane and 1 , 2-diethoxyethane. 
45 [0059] As electrolytic salt, at least one lithium compound, selected from among LiPF fi , LiBF, LiN (CoF^SOoU LiN 
(CF 3 S0 2 ) 2 and UCF3SO3 may be used. 

[0060] As a high molecular matrix, such a compound containing at least one of vinyiidene fluoride, acrylonitrile 
ethylene oxide, propylene oxide and methacrylonitrile, as a repetitive unit, is used. Specified examples of the high 
molecular matrix include polyvinylidene fluoride, polyacrylonitrile, polyethylene oxide, polypropylene oxide and 
50 polymethacrylonitrile. 

[0061] The gelated electrolyte encompasses an inorganic compound having the specific inductive capacity of not 
less than 12. Among the inorganic compounds having the specific inductive capacity of not less than 12, there are 
those exhibiting ferroelectrcity and those exhibiting paraelectricity. Th is does not matter if the specific inductive capacity 
is not less than 12. A higher specific inductive capacity is desirable. The inorganic compound exhibiting ferroelectricity 
may be exemplified by BaTO 3 and Ti0 2 . The inorganic compound exhibiting ferroelectricity may be exemplified by BaO. 
[0062] These compounds arechemically stable and hence are insoluble or sparingly soluble in the gelated electrolyte 
These compounds are not dissociated as ions. These compounds are electrochemically stable and hence are not 
reacted with the positive electrode nor with the negative electrode. 



10 



15 



20 



25 



30 



35 



40 



55 



5 



EP 1 139 460 A2 



[0063] Since the gelated electrolyte contains an inorganic compound, having the specific inductive capacity not lower 
than 12, as described above, the lithium compound, as an electrolytic salt, is improved. On the other hand, since the 
gelated electrolyte is added to with the dielectric inorganic compound, it becomes higher in its dielectric constant. 
Moreover, since the inorganic compound is added to the gelated electrolyte, its solidifying point is lowered. Under such 
effect, the gelated electrolyte is not susceptible to crystallization at lower temperatures. 

[0064] As may be apparent from the foregoing description, since the inorganic compound; having the specific induc- 
tive capacity not less than 12, is contained in the gelated electrolyte, the lithium compound, as the electrolytic salt, is 
improved in the degree of dissociation. As a result, the gelated electrolyte is improved in ionic conductivity, with its 
dielectric constant becoming higher. By such effect, the gelated electrolyte is less susceptible to crystallization at lower 
temperatures. 

[0065] In the following, the structure or the material of each thin film making up the non-aqueous electrolyte and the 
non-aqueous electrolyte cell is explained by taking an illustrative structure or material as examples. However, the 
present invention is not limited to the non-aqueous electrolyte cells, taken only as examples, such that any suitable 
structure or material of the respective thin films may be selected depending on the objective or properties desired. 
[0066] The non-aqueous electrolyte according to the present invention plays the role of an ionic conductor between 
the positive and negative electrodes. 

[0067] As the non-aqueous solvent, a variety of non-aqueous solvents used in the aforementioned non-aqueous 
electrolyte may be used. 

[0068] As the electrolytic salt, the aforementioned electrolytic salts may be used. 

[0069] The non-aqueous electrolyte of the present invention contains an inorganic compound having the dielectric 
constant not less than 12. 

[0070] The non-aqueous electrolyte is prepared by dissolving the lithium-containing electrolytic salt in the non-aque- 
ous electrolyte and by dispersing the inorganic compound having the specific inductive capacity not less than 12 as 
described above in a non-aqueous solvent. 

[0071] Among the inorganic compounds having the specific inductive capacity of not less than 12, there are those 
exhibiting ferroelectricity and those exhibiting paraelectricity. This does not matter if the specific inductive capacity is 
not less than 12. A higher specific inductive capacity is desirable. The inorganic compound exhibiting ferroelectricity 
may be exemplified by BaTi0 3 andTi0 2 . The inorganic compound exhibiting ferroelectricity may be exemplified by BaO. 
[0072] These compounds arechemically stable and hence are insoluble or sparingly soluble in the gelated electrolyte. 
These compounds are not dissociated as ions. These compounds are electrochemically stable and hence are not 
reacted with the positive electrode nor with the negative electrode. 

[0073] Since the non-aqueous electrolyte contains an inorganic compound, having the specific inductive capacity 
not lower than 12, as described above : the lithium compound, as an electrolytic salt, becomes higher in its degree of 
dissociation On the other hand, since the gelated electrolyte is added to with the dielectric inorganic compound, it is 
elevated in its dielectric constant. Moreover, since the inorganic compound is added to the gelated electrolyte, its 
solidifying point is lowered. Under such effect, the non-aqueous electrolyte is not susceptible to crystallization at lower 
temperatures. 

[0074] As may be apparent from the foregoing description, since the inorganic compound : having the specific induc- 
tive capacity not less than 12, is contained in the non-aqueous electrolyte, the lithium compound, as the electrolytic 
salt, is improved in the degree of dissociation. As a result, the gelated electrolyte is improved in ionic conductivity, with 
its dielectric constant becoming higher. Moreover, the gelated electrolyte is less susceptible to crystallization at lower 
temperatures. 

[0075] In the following, the structure or the material of each thin film making up the non-aqueous electrolyte and the 
non-aqueous electrolyte cell is explained by taking an illustrative structure or material as examples. However, the 
present invention is not limited to the non-aqueous electrolyte cells, taken only as examples, so that any suitable 
structure or material of the respective thin films may be selected depending on the objective or properties desired. 
[0076] The electrode for the cell is an electrode mixture layer, containing an active material, formed on a current 
collector formed e.g., of metal. This layer of the electrode mixture contains a positive electrode active material, as later 
explained, if the electrode is a positive electrode, while containing a negative electrode active material, as later ex- 
plained, if the electrode is a negative electrode. The electrode may also be added to with a binder and an electrification 
agent, as necessary. 

[0077] In addition to the above-mentioned ingredients, an inorganic compound, having a specific inductive capacity 
not less than 12 is contained in the electrode for the cell according to the present invention. 

[0078] Among the inorganic compounds having the specific inductive capacity of not less than 12, there are those 
exhibiting ferroelectricity and those exhibiting paraelectricity. This does not matter if the specific inductive capacity is 
not less than 12. A higher specific inductive capacity is desirable. The inorganic compound exhibiting ferroelectricity 
may be exemplified by BaTi0 3 and Ti0 2 . The inorganic compound exhibiting ferroelectricity may be exemplified by BaO. 
[0079] These compounds are chemically stable and hence are insoluble or sparingly soluble in the non-aqueous 
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electrolyte. These compounds are not dissociated as ions. These compounds are electrochemical ly stable and hence 
are not reacted with the electrode. 

[0080] As may be apparent from the foregoing description, in the electrode for the celL embodying the present in- 
vention, the electrolytic salt in the non-aqueous electrolyte present in the layer of the electrode mixture and in the 
vicinity of the electrode is improved in the degree of dissociation, thus improving the ionic conductivity. So, if the elec- 
trode is used for the non-aqueous electrolyte cell, excellent load characteristics of the cell may be achieved. 
[0081] The non-aqueous electrolyte cell prepared using a separator embodying the present invention is now ex- 
plained. 

[0082] Referring to Fig. 1 , a non-aqueous electrolyte cell 1 is a cell element comprised of a strip-like positive electrode 
2 and a strip-like negative electrode 3, tightly coiled with the interposition of a separator 4. The cell element, so-formed, 
is housed within a cell can 5. 

[0083] The positive electrode 2 is prepared by coating a positive electrode mixture, containing a positive electrode 
active material and a binder, on a current collector, and by drying the resulting product. The current collector is com- 
prised of a metal foil, such as, for example, an aluminum foil. 

[0084] The positive electrode active material may be a metal oxide, a metal sulfide or any specified high polymer 
material, depending on the type of the cell to be prepared. 

[0085] For example, if the cell is a lithium cell exploiting the dissolution and precipitation of lithium, lithium-free metal 
sulfides or oxides, such as TiS 2 , MoS 2 , NbSe 2 or V 2 0 5 , or a high polymer material, such as polyacetylene or polypyrrole, 
may be used. 

[0086] If the cell to be prepared is the a lithium ion cell exploiting doping/undoping of lithium ions, lithium compound 
oxides, mainly composed of Li x M0 2 , where M is one or more transition metal and x, differing with the charging/dis- 
charging state of the cell, is usually not less than 0.05 and not larger than 1 .10, may be used. The transition metals 
M, making up this lithium compound oxide, may preferably be Co, Ni or Mn. Specified examples of the lithium compound 
oxides include LiCo0 2 , LiNi0 2 , LiNiyCoj.yO^ where 0 < y < 1 , LinMn 2 0 4 and LiMP0 4 , where M is one or more transition 
metals, such as Fe. 

[0087] The lithium compound oxide liable to generate a high voltage and proves an optimum positive electrode active 
material insofar as the energy density is concerned. If the above-described positive electrode active material is used 
in forming the positive electrode active material, any suitable known electrification agent or the binder may be used as 
an additive. 

[0088] The negative electrode 3 is prepared by coating the negative electrode mixture containing the negative elec- 
trode active material and the binder on a current collector and drying the resulting product. As the current collector, a 
metal foil, such as a copper foil, is used. 

[0089] For preparing a lithium cell exploiting e.g., dissolution and precipitation of lithium, metal lithium or lithium alloys 
capable of occluding and emitting lithium, for example, may be used as the negative electrode active material. 
[0090] For preparing a lithium ion cell, exploiting doping/undoping lithium ions, it is possible to use a carbonaceous 
material difficult to graphize or a graphite-based carbon material. More specifically, graphite, carbon fibers, such as 
mesocarbon microbeads, meso-phase carbon fibers, pyrocarbon, cokes, such as pitch coke, needle coke or petroleum 
coke, vitreous carbon, sintered organic high molecular compounds, such as phenolic or furan resins, carbonized by 
firing at a suitable temperature, or carbon materials, such as activated charcoal, may be used. In preparing a negative 
electrode from these materials, any suitable known binders, for example, may be used. 
[0091] The non-aqueous electrolyte is prepared by dissolving an electrolytic salt in a non-aqueous solvent. 
[0092] As the non-aqueous solvent, a wide variety of non-aqueous solvents, used up to now in non-aqueous elec- 
trolytic solutions, such as, for example, propylene carbonate, ethylene carbonate, dimethoxyethane, dimethyl carbon- 
ate, diethyl carbonate, y-butyrolactone, tetrahydrofuran, 2-methyl tetrahydrofuran, 1,3-dioxolane, 4-methyM , 3-diox- 
olan, diethylether sulforane, methyl sulforane, methyl lactate sulforane, acetonitrile, propionitrile or methyl propionate, 
may be used. These non-aqueous solvents may be used alone or as a mixture. 

[0093] As the electrolytic salts, at least one compound from among LiPF 6 , LiBF 4 , LiCF 3 S0 3 , LiN(CF 3 S0 2 ) 2f LiN 
(C 2 F 5 S0 2 ) 2 may be used. 

[0094] The positive electrode and the negative electrode are tightly affixed to each other, with the separator 4 in- 
between, and coiled a number of times in a helix to complete a cell element. 

[0095] On the bottom of an iron cell can 5, the inner surface of which is lined with nickel, an insulating plate 6 is 
inserted, and the cell element is placed thereon. 

[0096] For assuring the current collection by the negative electrode 3, one end of a negative electrode lead 7, formed 
of nickel, is press-fitted to the negative electrode 3, with the other end of the negative electrode lead 7 being welded 
to the cell can 5. This connects the cell can 5 electrically to the negative electrode 3 so that the can may be used as 
an external negative electrode terminal of the non-aqueous electrolyte cell 1. 

[0097] For assuring the current collection by the positive electrode 2, one end of a positive electrode lead 8, formed 
e.g., of aluminium, with the other end of the lead 8 being electrically connected to a cell lid 1 0 with the interposition of 
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a thin sheet 9 tor current interruption. This sheet 9 interrupts the current depending on the internal pressure in the cell. 
This connects the cell lid 10 electrically to the positive electrode 2 so that the lid may be used as an external positive 
electrode terminal of the non-aqueous electrolyte cell 1 . 

[0098] The non-aqueous electrolytic solution is then injected into the cell can 5. This non-aqueous electrolytic solution 
is prepared by dissolving the electrolytic salt in the non-aqueous solvent, as explained previously. 
[0099] Finally, the cell can 5 is caulked via an insulating sealing gasket, coated with asphalt, to affix the cell lid 10 
in position to complete the cylindrically-shaped non-aqueous electrolyte cell 1 . 

[0100] Since the above-described non-aqueous electrolyte cell 1 uses the separator 4 containing an inorganic com- 
pound having the specific inductive capacity not less than 12, as a separator, lithium ions can be migrated smoothly 
between the positive electrode 2 and the negative electrode 3 thus lowering the internal impedance of the cell. 
[0101] The result is high load characteristics, superior low temperature characteristics, a high cell capacity and im- 
proved cyclic characteristics. 

[0102] Although the shape of the non-aqueous electrolyte cell 1 here is cylindrical, the cell 1 may be of any other 
suitable shape, such as a square, coin or button shape, there being no limitation as to the shape or the size of the cell 1 . 
[0103] Although the foregoing description has been made with reference to an embodiment employing a solution 
type non-aqueous electrolyte and an electrode can, a thin type cell having a laminated film as an exterior material 
without using an cell can be used if a gelated electrolyte or a solid electrolyte is used as the aforementioned non- 
aqueous electrolyte. 

[0104] The gelated electrolyte or the solid electrolyte is basically composed of an electrolytic salt, a non-aqueous 
solvent for dissolving the electrolytic salt therein, and a high molecular matrix for holding the non-aqueous solvent. 
[01 05] As the non-aqueous solvent or the electrolytic salt, non-aqueous solvents or electrolytic salts similar to those 
in the case of the solution type non-aqueous electrolyte. 52. 

[0106] The high molecular matrix may be selected from among polyvinylidene fluoride, polyacrylonitrile, polyethylene 
oxide, polypropylene oxide and polymethacrylonitrile, depending on the using state, such as gelated or solid state. 
[0107] Figs.2 and 3 show an illustrative structure of a thin-type non-aqueous electrolyte cell 20. This non-aqueous 
electrolyte cell 20 is comprised of a cell element 24 enclosed within the interior of an exterior film 25. The cell element 
24 is made up of a positive electrode 21 having a layer of a positive electrode active material and a negative electrode 
22 having a layer of a negative electrode active material, with the positive electrode 21 and the negative electrode 22 
being stacked together with the separator 23 in-between. 

[01 08] The current collector of the positive electrode 21 is connected to a positive electrode lead 26, whilst the current 
collector of the negative electrode 22 is connected to a negative electrode lead 27. In a sealing portion of the positive 
electrode lead 26 to the exterior film 25 and in a sealing portion of the negative electrode lead 27 to the exterior film 
25, there are interposed resin films 28, 28 for assuring insulating properties. One ends of the resin films 28, 28 are 
extended outwards. 

[01 09] On the layers of the active materials of the positive electrode 21 and the negative electrode 22 are impregnated 
layers of the gelated electrolyte, which are then solidified. The positive electrode 21 and the negative electrode 22 are 
stacked together, via separator 23, so that the respective layers of the gelated electrolytes face each other. 
[0110] So, the separator 23 is partially impregnated with a non-aqueous solvent in which is dissolved the gelated 
electrolyte or with the electrolyte salt contained therein. 

[0111] If a separator containing an inorganic compound having the specific inductive capacity not less than 12 is 
used as the separator 23, the internal impedance is lowered, whilst load characteristics, low-temperature characteris- 
tics, capacity and cyclic characteristics are improved appreciably, as in the above-described non-aqueous electrolyte 
cell 1 . 

[0112] The non-aqueous electrolyte cell prepared using the gelated electrolyte, embodying the present invention, is 
hereinafter explained. 

[01 13] Referring to Figs. 4 and 5, a gelated electrolyte cell 31 is comprised of a cell element 35, accommodated within 
an exterior film 36. The cell element 35 is made up of a layer of a positive electrode active material 32 and a layer of 
a negative electrode active material 33 on both sides of a gelated electrolyte 34. The layer of the positive electrode 
active material 32 and the layer of the negative electrode active material 33 are connected to a positive electrode lead 

37 and to a negative electrode lead 38, respectively. The positive electrode lead 37 and the negative electrode lead 

38 are bonded via a resin film 39 to an exterior film 36. 

[0114] In Fig. 4, the gelated electrolyte 31 , the layer of the positive electrode active material 33 and the layer of the 
negative electrode active material 34 are omitted from the drawing. In Fig. 5, the positive electrode lead 37, negative 
electrode lead 38 and the resin film 39 are similarly omitted from the drawing. 

[0115] As the positive electrode active material 32, such material as is used in the above-described lithium cell or 
lithium ion cell may be used. 

[0116] The positive electrode active material is coated on one surface of the positive electrode current collector of 
e.g., aluminum, and dried, after which it is compression-molded by a roll press to prove the layer of the positive electrode 
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active material 32. 

[0117] As the negative electrode active material, metal lithium or a lithium alloy capable of occluding and emitting 
lithium may be used if the aforementioned lithium call exploiting lithium dissolution and precipitation is to be prepared. 
[01 1 8] The layer of the negative electrode active material is coated on one surface of the negative electrode current 
5 collector of e.g., copper and dried, after which it is compression-molded by a roll press to prove the layer of the negative 
electrode active material 33. 

[0119] In forming the cell element 35, the gelated electrolyte 34 is coated on one surface of each of the layer of the 
positive electrode active material 32 and the layer of the negative electrode active material 33 and the surfaces of the 
layers 32, 33 carrying the gelated electrolyte 34 are stuck to each other. 
10 [0120] In the above-described embodiment, no separator is used, however, a separator may be interposed when 
the layers 32, 33 are stuck together with the surfaces thereof carrying the gelated electrolyte 34 facing each other. As 
this separator, any suitable known polyolefinic separator may be used. 

[0121] The cell element 35 is accommodated in the exterior film 36, which may, for example, be formed by a heat 
sealing type sheet-shaped laminated film comprised of an exterior protective layer, an aluminum layer and a heat fusing 
15 layer (innermost laminate layer). 

[0122] The materials of the heat fusing layer and the external protective layer may, for example, be a plastic film. 
The plastic film 36 forming the heat fusing layer may be formed e.g., of polyethylene, polypropylene or nylon (trade 
name), without regard to the material type if the material is a thermoplastic material. 

[0123] The positive electrode lead 37 and the negative electrode lead 38 are affixed to the layer of the positive 
20 electrode active material 32 and to the layer of the negative electrode active material 33, respectively, and are electri- 
cally connected to an external electronic equipment. Examples of the materials used for the positive electrode lead 37 
include aluminum, titanum and alloys thereof. Examples of the materials used for the negative electrode lead 38 include 
copper, nickel and alloys thereof. 

[0124] The resin film 39 is arranged in a contact portion between the exterior film 36, positive electrode lead 37 and 
25 the negative electrode lead 38. The provision of the resin film 39 is effective to prevent shorting due to burring of the 
exterior film 36 as well as to improve contact between the exterior film 36, positive electrode lead 37 and the negative 
electrode lead 38. 

[01 25] There is no particular limitation to the type of the material of the resin film 39 if the material exhibits adhesion 
to the positive electrode lead 37 and to the negative electrode lead 38, It is however preferred to use polyolefinic resin, 
30 such as polyethylene, polypropylene, modified polyethylene, modified polypropylene or copolymers thereof. 

[0126] The above-described non-aqueous electrolyte cell 1 uses the gelated electrolyte 4 containing an inorganic 
compound having the specific inductive capacity of 12 or higher, as the non-aqueous electrolyte, lithium ion migration 
between the layer of the positive electrode and the layer of the negative electrode 33 occurs smoothly, thus lowering 
the internal impedance. 

35 [0127] Therefore, not only superior load characteristics, low temperature characteristics and a high capacity are 
achieved, but also the cyclic characteristics are improved appreciably. 

[0128] The non-aqueous electrolyte cell prepared using the non-aqueous electrolyte embodying the present inven- 
tion is hereinafter explained. 

[0129] The non-aqueous electrolyte cell 1 is comprised of the strip-shaped positive and negative electrodes 2 and 
40 3 tightly affixed to each other, with the separator 4 in-between, and coiled a number of times in a helix to complete a 
coiled set as shown in Fig.1 . 

[01 30] As the positive electrode active material, the metal oxide, metal sulfide or specified high molecular materials 
as aforementioned, may be used depending on the cell type. 

[0131] If the lithium cell exploiting lithium dissolution and precipitation, as discussed above, is to be prepared, metal 
45 lithium or lithium alloys capable of occluding and emitting lithium may be used as the negative electrode active material. 

[0132] The positive electrode 2 and the negative electrode 3, obtained as discussed above, are tightly contacted 

with one another, via separator 4, and coiled in a helix a number of turns to complete a cell element. 

[0133] An insulating plate 6 is placed on the bottom of the cell can 5 of iron, the inner surface of which is lined with 

a nickel plating, and the cell element is housed therein. 
so [0134] For assuring current collection of the negative electrode 3, one end of the negative electrode lead 7 of, for 

example, nickel, is press-fitted to the negative electrode 3, with the other end being welded to the cell can 5. This 

electrically connects the cell can 5 to the negative electrode 3 so that the cell can 5 proves an external negative terminal 

of the non-aqueous electrolyte cell 1 . 

[0135] Also, for assuring current collection of the positive electrode 2, one end of the positive electrode lead 8 of, 
55 for example, aluminum, is mounted on the positive electrode 2, with the other end thereof being electrically connected 
to the cell lid 1 0 via a thin plate for current interruption 9. This thin plate for current interruption 9 interrupts the current 
depending on the internal pressure in the cell. This electrically connects the cell lid 10 to the positive electrode 2 to 
serve as the external positive electrode of the non-aqueous electrolyte cell 1. 
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[0136] Into this cell can 5 is poured a non-aqueous electrolytic solution, which has been prepared on dissolving an 
electrolytic salt in a non-aqueous solvent, as described above. 

[0137] Finally, the cell can 5 is caulked via an insulating sealing gasket 11 , coated with asphalt, to fabricate a cylin- 
drically-shaped non-aqueous electrolyte cell. 

[01 38] In the non-aqueous electrolyte cell, described above, in which the inorganic compound with a specific inductive 
capacity not less than 1 2 is contained in the non-aqueous electrolyte, lithium ion migration across the positive electrode 
2 and the negative electrode 3 occurs smoothly to lower the internal impedance. 

[0139] The result is high load characteristics, superior low temperature characteristics, a high cell capacity and im- 
proved cyclic characteristics. 

[0140] The non-aqueous electrolyte cell, prepared using an electrode embodying the present invention, is now ex- 
plained. The non-aqueous electrolyte cell 1 and the gelated electrolyte cell 20 are substantially similar in structure to 
those shown in Figs.2 and 3, respectively. The difference of the cells 1 and 20 from the cells shown in Figs.2 and 3 
resides in the electrode structure and more specifically in whether or not the inorganic compound with the specific 
inductive capacity not less than 12 is contained in the layer of the electrode mixture. 

[0141] So, the non-aqueous electrolyte cell and the gelated electrolyte cell are otherwise the same in respective 
constituent conditions as those described above. 

[01 42] In the non-aqueous electrolyte cell orthe gelated electrolyte cell, constructed as discussed above, an inorganic 
compound with the specific inductive capacity not less than 12 is contained in the positive electrode and/or the negative 
electrode. If this inorganic compound with the specific inductive capacity not less than 12 is contained in the positive 
electrode, it is added to the positive electrode mixture, whereas, if the compound is contained in the negative electrode, 
it is added to the negative electrode mixture. The result is that the degree of dissociation of the non-aqueous electrolyte 
present in the layer of the electrode mixture or in the vicinity of the electrode is improved to improve the ion conductivity. 
[0143] As may be seen from the foregoing explanation, since the inorganic compound having the specific inductive 
capacity not less than 1 2 is contained in one or both of the positive and negative electrodes, the non-aqueous electrolyte 
cell or the gelated electrolyte cell is improved in the degree of dissociation of the non-aqueous electrolyte present in 
the layer of the electrode mixture or in the vicinity of the electrode, and hence in the ion conductivity. The result is the 
improved ion conductivity of the non-aqueous electrolyte cell or the gelated electrolyte cell, thus lowering the internal 
impedance. Moreover, the non-aqueous electrolyte cell exhibits optimum load characteristics even if the active material 
of the positive electrode and/or the negative electrode is formed to a thicker thickness. 

[0144] The result is high load characteristics, superior low temperature characteristics, a high cell capacity and im- 
proved cyclic characteristics. 

Examples 

[0145] The present invention is now explained with reference to several Examples based on experimental results. 
<Non-Aqueous Electrolyte Cell Containing an Inorganic Compound in a Separator Thereof > 
Example 1 

[01 46] First, a layer of a negative electrode active material is prepared. First, 90 parts by weight of pulverized graphite 
powders and 1 0 parts by weight of polyvinylidene fluoride, as a binder, were mixed together to form a negative electrode 
mixture. This negative electrode mixture then was dispersed in N-methyl pyrrolidone to form a slurry. This slurry was 
then coated uniformly on one surface of a strip-shaped copper foil, 10 u,m in thickness, which later proves a negative 
electrode current collector. The resulting product then was dried and compression-molded in a roll press to form a layer 
of a negative electrode active material. 

[0147] A layer of the positive electrode active material then was prepared. First, LiC0 3 and CoC0 3 were mixed 
together, at a molar ratio of 0.5 to 1 .0, and sintered in air at 900°C for five hours to form LiCo0 2 . 91 parts by weight of 
this LiCo0 2 , 6 parts by weight of graphite, as an electrification agent, and 3 parts by weight ofpolyvinylidene fluoride, 
as a binder, were mixed together to form a positive electrode mixture. This positive electrode mixtu re then was dispersed 
in N-methyl pyrrolidone to form a slurry. This slurry then was coated uniformly on one surface of a strip-shaped aluminum 
foil, 20 p.m in thickness, which later proves a positive electrode current collector. The resulting product then was dried 
and compression-molded in a roll press to form a layer of a positive electrode active material. 

[0148] A non-aqueous electrolyte then was prepared. 15 parts by weight of ethylene carbonate (EC), 15 parts by 
weight of propylene carbonate (PC), 50 parts by weight of diethyl carbonate and 20 parts by weight of LiPF 6 , as an 
electrolytic salt, were mixed together to form a non-aqueous electrolyte. 

[01 49] The separator then was prepared. First. 40 parts by weight of polypropylene, with a weight average molecular 
weight of 1000000, and 40 parts by weight of high-density polyethylene, with a weight average molecular weight of 
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800000, were mixed together. To this mixture were added 1 0 parts by weight of BaTi0 3 . 1 0 parts by weight of polypro- 
pylene, with a weight average molecular weight of 1000000, were separately provided. On each major surface of a 
polypropylene layer, 12 jim in thickness, a mixed polyethylene-polypropylene layer, each 12 urn in thickness, was 
formed to form a laminated film. The temperature of a die in a T-die extruder was set to 230 °C, with the temperature 
of a cooling roll being set to 80 °C. The laminated film was heat-treated in air under heat treatment condition of the 
heat-treatment temperature of 125°C and heat-treatment time of 40 hours. The laminated film was then stretched, 
using a roll stretching device. It is noted that the laminated film was initially stretched at a lower temperature at 25°C 
until the stretching ratio in the longitudinal direction of the laminated film was 40% and subsequently stretched at 120 
°C until the stretching ratio reached 20%. The length in the longitudinal direction of the laminated film, stretched as 
described above, then was contracted by 10% at 11 .5°C. The separator, as a white porous film, based on polyolefin, 
was prepared. 

[0150] The layers of the positive electrode active material and the negative electrode active material were press- 
bonded to each other, with the separator in-between, to form a coiled product, which then was accommodated in a cell 
can. A non-aqueous electrolyte was then poured into the can to fabricate a non-aqueous electrolyte cell. 

Example 2 

[0151] In preparing the separator, 31.1 parts by weight of polypropylene, with a weight average molecular weight of 
1000000, and 31.1 parts by weight of high-density polyethylene, with a weight average molecular weight of 800000, 
were mixed together. To this mixture were added 30 parts by weight of BaTi0 3 . Also, 7.8 parts by weight of polypro- 
pylene, with a weight average molecular weight of 1000000, were prepared separately. A non-aqueous electrolyte cell 
was prepared by otherwise the same method as that of Example 1 . 

Example 3 

[0152] First, a layer of a positive electrode active material, a negative electrode active material and a non-aqueous 
electrolyte, were prepared in the same way as in Example 1 . : 
[0153] A separator then was prepared. First, 10 parts by weight of polyvinylidene fluoride were dissolved irr a liquid 
mixture of 20 parts by weight of ethanol, 20 parts by weight of isopropanol, 10 parts by weight of 1-butanol and 35 
parts by weight of tetrahydrofuran. Meanwhile, ethanol, isopropanol, 1 -butanol and tetrahydrofuran were used as 
volatile layer separating agent. To the resulting mixture were added 5 parts by weight of BaTi0 3 to form a coating 
solution. This coating solution was coated on a PTTfilm previously processed for mold releasing. The resulting product 
was dried at 50 °C. The film formed by the coating solution was peeled from the PET film to form a polyvinylidene 
fluoride based separator. 

[01 54] Finally, the layers of the positive and negative electrode active materials were press-fitted to each other, with 
the separator in-between, to form a coiled set. This coiled set was accommodated in a cell can into which was then 
poured a non-aqueous electrolyte to complete a non-aqueous electrolyte cell. 

Example 4 

[0155] A non-aqueous electrolyte cell was prepared in the same way as in Example I except adding Ti0 2 instead of 
BaTi0 3 in the separator. 

Example 5 

[0156] A non-aqueous electrolyte cell was prepared in the same way as in Example 1 except adding BaO instead 
of Ba7i0 3 in the separator. 

Example 6 

[0157] First, the layers of the positive and negative electrode active materials and the separator were prepared in 
the same way as in Example 1 . 

[0158] Next, a gelated electrolyte was prepared. First, 12 parts by weight of ethylene carbonate (EC), 6 parts by 
weight of propylene carbonate (PC) and 6 parts by weight of LiPF 6 , as an electrolytic salt, were mixed together to form 
a plasticizer. To this plasticizer were mixed 10 parts by weight of a block copolymer (vinylidehe fluoride-co- hexafluor- 
opropylene), having a molecular weight of 600000, and 60 parts by weight of diethyl carbonate, were mixed together 
and dissolved. The resulting solution was uniformly coated on one surface of each of the layers of the negative and 
positive electrode active materials for impregnation. The resulting product was allowed to stand at room temperature 
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for eight hours to vaporize diethyl carbonate off to form a gelated electrolyte. 

[0159] Finally, the layers of the positive and negative electrode active materials, coated with the gelated electrolyte, 
were press-fitted to each other with the surfaces carrying the gelated electrolyte facing each other, to fabricate a non- 
aqueous electrolyte cell 2.5 cm :< 4.0 cm x 0.3 mm in size. 

5 

Comparative Example 1 

[0160] In preparing a separator, 44.4 parts by weight of polypropylene, with a weight average molecular weight of 
1000000, and 44.4 parts by weight of high-density polyethylene, with a weight average molecular weight of 800000, 
10 were mixed together. Here, BaTi0 3 was not added. Also, 11 .2 parts by weight of polypropylene, with a weight average 
molecular weight of 1 000000. were prepared separately. A non-aqueous electrolyte cell was prepared by otherwise 
the same method as that of Example 1 . 

Comparative Example 2 

15 

[0161] In preparing a separator, the amount of polyvinylidene fluoride was set to 15 parts by weight, while BaTi0 3 
was not added. A non-aqueous electrolyte cell was prepared by otherwise the same method as that of Example 3. 

Comparative Example 3 

20 

[0162] In preparing a separator, Al 2 0 3 was added in place of adding BaTi0 3 . A non-aqueous electrolyte cell was 
prepared in otherwise the same method as in Example 1 . 

Comparative Example 4 

25 

[0163] In preparing a separator, 45 parts by weight of polypropylene, with a weight average molecular weight of 
1000000, and 45 parts by weight of high-density polyethylene, with a weight average molecular weight of 800000, 
were mixed together. Here, BaTi0 3 was not added. Also, 10 parts by weight of polypropylene, with a weight average 
molecular weight of 1000000. were prepared separately. A non-aqueous electrolyte cell was prepared by otherwise 

30 the same method as that of Example 1 . 

[0164] Of thenars, prepared in the Examples 1 to 6 and Comparative Examples 1 to 4, cyclic service life, load char- 
acteristics and low-temperature characteristics were measured by the following method: 

500 charging/discharging cyclic tests were carried out at a two-hour rate charging (1/2C) of the theoretical capacity 
to make the following evaluation: First, constant current constant charging was carried out for each cell at 23 °C up to 

35 an upper limit of 4.2V for ten hours. Two-hour rate discharging (1/2C) then was carried out up to a terminal voltage of 
3.2 V. After setting the discharging capacity in this manner and, from the average voltage, as found from this discharge 
capacity, an output at the hour rate discharging was calculated as a percentage value with respect to the 5-hour rate 
discharging (1/5C) of an earlier time of the cycle period. 

■*o <Load Characteristics > 

[0165] 1/3 hour rate discharging (3C) of the theoretcal capacity was carried out to make the following evaluation: 
First, constant current constant voltage charging was carried out for each cell at 23 °C for ten hours up to an upper 
limit of 4.2 V. The 1/3 hour rate discharging (3C) was then carried out up to a terminal voltage of 3.2 V. The discharging 
capacity was set in this manner. From the average voltage, as found from this discharging capacity, an output at each 
hour rate as a percentage to the 5-hour rate discharging (1/5C). 

<Low-Temperature Characteristics> 

so [01 66] Two-hour rate discharging (3C) of the theoretical capacity was carried out to make evaluation in the following 
manner: First, constant current constant voltage charging was carried out for each cell at 23 °C for ten hours up to an 
upper limit of 4.2 V. The two hour rate discharging (1/2C) was then carried out at -20°C up to a terminal voltage of 3.2 
V. The discharging capacity was set in this manner. From the average voltage, as found from this discharging capacity, 
an output at each hour rate was calculated as a percentage to the 5-hour rate discharging (1 /5C) at ambient temperature 

55 (23°C). 

[0167] Table 1 below shows the results as measured of cyclic service life, load characteristics and low temperature 
characteristics of the Examples 1 to 6 and Comparative Examples 1 to 4: 
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cyclic characteristics (%) 


load characteristics (%) 


low temperature characteristics (%) 


Ex.1 


88 


72 


81 


Ex.2 


85 


67 


76 


Ex.3 


86 


76 


77 


Ex.4 


85 


68 


58 


Ex.5 


85 


63 


71 


Ex.6 


89 


82 


83 


Comp. Ex. 1 


85 


60 


70 


Comp. Ex. 2 


85 


55 


46 


Comp. Ex. 3 


74 


56 


68 


Comp. Ex. 4 


89 


71 


58 



[0168] It is seen from Table 1 that Examples 1 and 2, containing 1 0 to 30 parts by weight of BaTi0 3 in the polyolefin- 
20 based separator, have been improved as to cyclic service life, load characteristics and in low-temperature character- 
istics as compared to the Comparative Example 1 not containing BaT10 3 . 

[0169] It is also seen that the Example 3, containing 5 parts by weight of BaTi0 3 in the polyolefin-based separator 
has been improved as to cyclic service life, load characteristics and low-temperature characteristics as compared to 
the Comparative Example 2 not containing BaTi0 3 . 
2 5 [01 70] It is also seen that the Example 4, containing 1 0 parts by weight of Ti0 2 in the polyolefin-based separator has 
been improved as to cyclic service life, load characteristics and in low-temperature characteristics as compared to the 
Comparative Example 1 not containing Ti0 2 . 

[01 71 ] It is also seen that the Example 5, containing 1 0 parts by weight of BaO in the polyolefin-based separator has 
been improved as to cyclic service life, load characteristics and in low-temperature characteristics as compared to the 

30 Comparative Example 1 not containing BaO. 

[0172] It is also seen that the Example 5, containing 1 0 parts by weight of BaTi0 3 in the polyolefin-based separator 
and employing a gelated electrolyte as a non-aqueous electrolyte, has been improved as to cyclic service life, load 
characteristics and low-temperature characteristics as compared to the Comparative Example 4 not containing BaTi0 3 . 
[0173] Moreover, it is seen that the Comparative Example 6 containing 1 0 parts by weight of BaTi0 3 in the polyolefin- 

35 based separator and employing the gelated electrolyte as a non-aqueous electrolyte has been improved as to cyclic 
service life, load characteristics and in low-temperature characteristics as compared to Example 1 containing 1 0 parts 
by weight of BaTi0 3 . 

<Non-aqueous Electrolyte Cell Containing an Inorganic Compound in a Gelated Electrolyte> 

40 

Example 7 

[0174] First ; a layer of a negative electrode active material was prepared. First, 90 parts by weight of graphite powders 
and 10 parts by weight of polyvinylidene fluoride, as a binder, were mixed together to prepare a negative electrode 
45 mixture. This negative electrode mixture then was dispersed in N-methyl-2-pyrrolidone to form a slurry. This slurry was 
then coated uniformly on one surface of a strip-shaped copper foil, 1 0 jam in thickness, which later proves a negative 
electrode current collector, and dried in situ. The resulting product was compression-molded in N-methyl-2-pyrrolidone 
to form a layer of the negative electrode active material. 

[0175] A layer of the positive electrode active material then was prepared. First, LiC0 3 and CoC0 3 were mixed at a 
so molar ratio of 0.5 to 1 .0 and the resulting mixture was sintered in air at 900°C for five hours to prepare LiCo0 2 . 91 
parts by weight of LiCo0 2 . 6 parts by weight of graphite, as an electrification agent, and 3 parts by weight of polyvi- 
nylidene fluoride, as a binder, were mixed together to give a positive electrode mixture, which then was dispersed in 
Nmethyl-2-pyrrolidone to give a slurry. This slurry was uniformly coated on one surface of a strip-shaped aluminum 
foil, 20 urn in thickness, serving as a positive electrode current collector, and dried in situ. The resulting product was 
5 5 compression-molded in a roll press to give a layer of the positive electrode active material. 

[01 76] A gelated electrolyte then was prepared. 1 1 .5 parts by weight of ethylene carbonate (EC), 1 1 .5 parts by weight 
of propylene carbonate (PC) and 4 parts by weight of LiPF 6 , as an electrolytic salt, were mixed together to prepare a 
plasticizer, to which 3 parts by weight of BaTi0 3 were added and dispersed uniformly. The resulting product was dis- 
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solved in a mixture of 10 parts by weight of a poly(vinylidene fluoride-co-hexafluoropropylene) copolymer, with a mo- 
lecular weight of 600000, and 60 parts by weight of diethyl carbonate. The resulting solution was uniformly coated on 
one surface of each of the layers of the negative and positive electrode active materials for impregnation. The resulting 
product was allowed to stand at ambient temperature for eight hours to vaporize diethyl carbonate off to prepare a 
gelated electrolyte. 

[0177] Finally, the layers of the positive electrode active material and the negative electrode active material, each 
coated with the gelated electrolyte, were pressed together, with the surfaces thereof carrying the gelated electrolyte 
facing each other. In this manner, a plate-shaped gelated electrolyte cell, 2.5 cm x 4.0 cm x 0.3 mm in size, was 
prepared. 

Example 8 

[0178] First, the layers of the positive electrode active material and the negative electrode active material were pre- 
pared by a method similar to the method of Example 7. 

[0179] A gelated electrolyte then was prepared. 9.3 parts by weight of ethylene carbonate (EC), 9.3 parts by weight 
of propylene carbonate (PC) and 3.3 parts by weight of LiPF 6 were mixed together to prepare a plasticizer, to which 
1 0.9 parts by weight of BaTi0 3 were added and dispersed evenly. To the resulting product were mixed and dissolved 
7.2 parts by weight of a poly(vinylidene fluoride-co-hexaf luoropropylene) copolymer, with a molecular weight of 600000, 
and 60 parts by weight of diethyl carbonate. The resulting solution was uniformly coated on one surface of each of the 
layers of the negative and positive electrode active materials for impregnation. The resulting product was allowed to 
stand at ambient temperature for eight hours to vaporize diethyl carbonate off to prepare a gelated electrolyte. 
[01 80] Finally, the layers of the positive and negative electrode active materials, coated with the gelated electrolyte, 
were press-fitted together, with the surfaces carrying the gelated electrolyte facing each other, to fabricate a flat-plate- 
shaped gelated electrolyte cell, 2.5 cm x 4.0 cm x 0.3 mm in size. 

Example 9 

[0181] First, the layers of the positive and negative electrode active materials were prepared by a method similar to 
one used in Example 7. 

[0182] Next, a gelated electrolyte was fabricated. First, 8.4 parts by weight of ethylene carbonate (EC), 8.4 parts by 
weight ofpropylene carbonate (PC) and 3 parts by weight of LiPF 6 were mixed together to give a plasticizer, to which 
1 3.7 parts by weight of BaTi0 3 were added and dispersed uniformly. To the resulting product were mixed and dissolved 
13.7 parts by weight of a poly(vinylidene fluoride-co- hexaf luoropropylene) copolymer, with a molecular weight of 
600000, and 60 parts by weight of diethyl carbonate. The resulting solution was uniformly coated on each of the layers 
of the negative electrode active material and the positive electrode active material for impregnation. The resulting 
product was allowed to stand at ambient temperature for eight hours to vaporize diethyl carbonate off to prepare a 
gelated electrolyte. 

[0183] Finally, the layers of the positive and negative electrode active materials, coated with the gelated electrolyte, 
were press-fitted to each other, with the surfaces carrying the gelated electrolyte facing each other, to fabricate a flat- 
plate-shaped gelated electrolyte cell, 2.5 cm x 4.0 cm x 0.3 mm in size. 

Example 10 

[0184] A flat-plate-shaped gelated electrolyte cell was fabricated by a method similar to one used in Example 8, 
except adding Ti0 2> in place of Ba710 3 , to the plasticizer of the gelated electrolyte. 

Example 11 

[0185] A flat-plate-shaped gelated electrolyte cell was fabricated by a method similar to one used in Example 7, 
except adding Ti0 2 , in place of BaTi0 3 , to the plasticizer of the gelated electrolyte. 

Example 12 

[0186] A flat-plate-shaped gelated electrolyte cell was fabricated by a method similar to one used in Example 8, 
except using polyethylene oxide/propylene oxide) copolymer (P(EO/PO)), having a molecular weight of 800000, in 
place of the poly(vinylidene f luoride-co-hexafluoropropylene) copolymer, with a molecular weight of 600000, as a matrix 
polymer of the gelated electrolyte. 
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Example 13 

[0187] A flat-plate-shaped gelated electrolyte cell was fabricated by a method similar to one used in Example 8 ; 
except using polyethylene oxide (PEO) in place of the poly(vinylidene fluoride-co-hexafluoropropylene) copolymer, 
5 with a molecular weight of 600000, as a matrix polymer of the gelated electrolyte. 

Example 14 

[0188] A flat-plate-shaped gelated electrolyte cell was fabricated by a method similar to one used in Example 7, 
io except using polyacrylonitrile, with a molecular weight of 850000, in place of the poly(vinylidene fluoride-co-hexafluor- 
opropylene) block copolymer, with a molecular weight of 600000, as a matrix polymer of the gelated electrolyte. 

Example 15 

15 [0189] A flat-plate-shaped gelated electrolyte cell was fabricated by a method similar to one used in Example 7, 
except using polymethacrylonitrile, with a molecular weight of 800000, in place of the poly(vinylidene fluoride-co-hex- 
afluoropropylene) block copolymer, with a molecular weight of 600000, as a matrix polymer of the gelated electrolyte. 

Example 16 

20 

[0190] A flat-plate-shaped gelated electrolyte cell was fabricated by a method similar to one used in Example 7, 
except using equimolar amounts of LiBF 4 and LiN(C 2 F 5 S0 2 ) 2 in place of LiPF 6 as an electrolytic salt of the gelated 
electrolyte, as an electrolytic salt of the gelated electrolyte. 

25 Example 17 

[0191] A flat-plate-shaped gelated electrolyte cell was fabricated by a method similar to one used in Example 7, 
except using LiN(S0 2 CF 5 ) 2 in place of LiPF 6 as an electrolytic salt of the gelated electrolyte. 

30 Example 18 

[01 92] First, the layers of the positive and negative electrode active materials were prepared by a method similar to 
the method of Example 17. 

[01 93] A gelated electrolyte then was prepared. 4.5 parts by weight of ethylene carbonate (EC), 1 2 parts by weight 
35 of propylene carbonate (PC) and 3.3 parts by weight of LiPF 6 were mixed together to prepare a plasticizer, to which 
12 parts by weight of BaTi0 3 were added and dispersed evenly. To the resulting product were mixed and dissolved 10 
parts by weight of a poly(vinylidene fluoride-co-hexafluoropropylene) copolymer, with a molecular weight of 600000, 
and 60 parts by weight of diethyl carbonate. The resulting solution was uniformly coated on one surface of each of the 
layers of the negative electrode active material and the positive electrode active material for impregnation. The resulting 
40 product was allowed to stand at ambient temperature for eight hours to vaporize diethyl carbonate off to prepare a 
gelated electrolyte. 

[0194] Finally, the layers of the positive and negative electrode active materials, coated with the gelated electrolyte, 
were press-fitted to each other, with the surfaces carrying the gelated electrolyte facing each other, to fabricate a flat- 
plate-shaped gelated electrolyte cell, 2.5 cm x 4.0 cm x 0.3 mm in size. 

45 

Example 19 

[0195] First, the layers of the positive and negative electrode active materials were prepared by a method similar to 
one used in Example 7. 

so [0196] Next, a gelated electrolyte was fabricated. First, 4.5 parts by weight of ethylene carbonate (EC), 4.5 parts by 
weight of propylene carbonate (PC) and 12 parts by weight of LiPF 6 were mixed together to give a plasticizer, to which 
3 parts by weight of BaTi0 3 were added and dispersed uniformly. To the resulting product were mixed and dissolved 
1 0 parts by weight of a poly(vinylidene fluoride-co-hexafluoropropylene) copolymer, with a molecular weight of 600000, 
and 60 parts by weight of diethyl carbonate. The resulting solution was uniformly coated on each of the layers of the 

55 negative electrode active material and the positive electrode active material for impregnation. The resulting product 
was allowed to stand at ambient temperature for eight hours to vaporize diethyl carbonate off to prepare a gelated 
electrolyte. 

[01 97] Finally, the layers of the positive and negative electrode active materials, coated with the gelated electrolyte, 
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were press-fitted to each other, with the surfaces carrying the gelated electrolyte facing each other, to fabricate a flat- 
plate-shaped gelated electrolyte cell, 2.5 cm v 4.0 cm x 0.3 mm in size. 

Example 20 

[0198] A flat-plate-shaped gelated electrolyte cell was fabricated by a method similar to one used in Example 7, 
except adding BaO, in place of Ba7i0 3j to the plasticizer of the gelated electrolyte. 

Comparative Example 5 

[0199] In producing a gelated electrolyte, 13 parts by weight of ethylene carbonate (EC), 13 parts by weight of pro- 
pylene carbonate (PC) and 4 parts by weight of LiPF 6 as an electrolytic salt were mixed together to form a plasticizer. 
BaTi0 3 was not added at this time. A flat-plate-shaped gelated electrolyte cell was prepared by otherwise the same 
method as in Example 7. 

Comparative Example 6 

[0200] A flat-plate-shaped gelated electrolyte cell was prepared by a method similar to one used in Comparative 
Example 5 except using a polyethylene oxide/propylene oxide) copolymer (P(EO/PO)), with a molecular weight of 
800000, in place of a poly(vinylidene fluoride-co- hexafluoropropylene) block copolymer, with a molecular weight of 
600000, as a matrix polymer of the gelated electrolyte. 

Comparative Example 7 

[0201] A flat-plate-shaped gelated electrolyte cell was prepared by a method similar to one used in Comparative 
Example 5 except using a polyacrylonitrile (PAN), with a molecular weight of 850000, in place of a poly(vinylidene 
fluoride-co-hexafluoropropylene) block copolymer, with a molecular weight of 600000, as a matrix polymer of the ge- 
lated electrolyte. 

Comparative Example 8 

[0202] A flat-plate-shaped gelated electrolyte cell was prepared by a method similar to one used in Comparative 
Example 5 : except using a polymethacrylonitrile, with a molecular weight of 800000, in place of a poly(vinylidene 
fluoride-co-hexafluoropropylene) block copolymer, with a molecular weight of 600000, as a matrix polymer of the ge- 
lated electrolyte. 

Comparative Example 9 

[0203] A flat-plate-shaped gelated electrolyte cell was prepared by a method similar to one used in Example 7 except 
adding Al 2 0 3 to the plasticizer of the gelated electrolyte. 

Comparative Example 10 

[0204] A flat-plate-shaped gelated electrolyte cell was prepared by a method similar to one used in Example 16 
except not adding BaTi0 3 to the plasticizer of the gelated electrolyte. 

Comparative Example 11 

[0205] A flat-plate-shaped gelated electrolyte cell was prepared by a method similar to one used in Example 17 
except not adding BaTi0 3 to the plasticizer of the gelated electrolyte. 

Comparative Example 12 

[0206] A flat-plate-shaped gelated electrolyte cell was prepared by a method similar to one used in Example 18 
except not adding BaTi0 3 to the plasticizer of the gelated electrolyte. 
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Comparative Example 13 

[0207] A flat-plate-shaped gelated electrolyte cell was prepared by a method similar to one used in Example 19 
except not adding BaTi0 3 to the plasticizer of the gelated electrolyte. 

[0208] The cyclic service life, load characteristics and low-temperature characteristics were measured of the flat- 
plate-shaped gelated electrolyte cells prepared in Examples 7 to 20 and in Comparative Examples 5 to 1 3, by a method 
shown below. 

<Cyclic Service Life> 

[0209] 500 charging/discharging cyclic tests were carried out at a two-hour rate discharging (1/2C) of the theoretical 
capacity to make the following evaluations: First, a constant current constant voltage charging was carried out on each 
cell at 23°C, up to an upper limit of 4.2 V, for ten hours. The two-hour rate charging (1/2C) was then carried out to a 
terminal voltage of 3.2 V. The discharge capacity was decided in this manner and, from the average voltage, found 
therefrom, an output at the hour rate discharging was calculated as percentage value for the 5-hour rate discharging 
(1/5C) at an earlier time of the cyclic period. 

<Load Characteristics> 

[0210] A 1/3 hour rate discharging (3C) of the theoretical capacity was carried out to make the following evaluations: 
First, a constant current constant voltage charging was carried out on each cell at 23 ° C, up to an upper limit of 4.2 
V, for ten hours. The 1/3-hour rate charging (3C) was then carried out to a terminal voltage of 3.2 V. The discharge 
capacity was decided in this manner and, from the average voltage, found therefrom, an output at the hour rate dis- 
charging was calculated as percentage value for the 5-hour rate discharging (1/5C) at an earlier time of the cyclic period. 

<Low-Temperature Characteristics> 

[0211] A two-hour rate discharging of the theoretical capacity (1/2C) was carried out at a lower temperature to make 
the following evaluations: First, a constant current constant voltage charging was carried out on each cell at 23 °C, up 
to an upper limit of 4.2 V, for ten hours. The two-hour rate charging (1/2C) was then carried out at -20°C to a terminal 
voltage of 3.2 V. The discharge capacity was decided in this manner and, from the average voltage, found therefrom, 
an output at the five hour rate discharging (1/5C) was calculated as percentage value for the 5-hour rate discharging 
(1/5C) at ambient temperature. 

[0212] Table 2 below shows the results as measured of cyclic service life, load characteristics and low temperature 
characteristics of the Examples 7 to 20 and Comparative Examples 5 to 23: 



Table 2 





cyclic characteristics (%) 


load characteristics (%) 


low temperature characteristics (%) 


Ex.7 


93 


86 


72 


Ex.8 


91 


82 


68 


Ex.9 


91 


79 


64 


Ex.10 


91 


83 


67 


Ex.11 


91 


82 


66 


Ex.12 


B4 


78 


61 


Ex.13 


84 


76 


58 


Ex.14 


88 


78 


61 


Ex.15 


89 


80 


61 


Ex.16 


91 


83 


75 


Ex.17 


91 


81 


74 


Ex.18 


89 


82 


78 


Ex.19 


86 


80 


77 ! 
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Tabic 2 (continued) 





cyclic characteristics (%) 


load characteristics (%) 


low temperature characteristics (%) 


Ex.20 


89 


74 


61 


Comp. Ex.5 


89 


71 


58 


Comp. Ex.6 


82 


70 


52 


Comp. Ex.7 


86 


70 


56 


Comp. Ex.8 


86 


71 


55 


Comp. Ex.9 


89 


68 


57 


Comp. Ex.10 


89 


75 


64 


Comp. Ex.11 


89 


73 


61 


Comp. Ex. 12 


85 


71 


73 


Comp. Ex.13 


84 


70 


68 



[0213] It is seen from Table 2 that the Examples 8 and 9, in which 3 to 13.7 parts by weight of BaT10 3 is contained 
in the gelated electrolyte, prepared using the block copolymer poly(vinylidene fluoride -co- hexafluoropropylene) as a 
matrix polymer, are superior to the Comparative Example 5 not containing BaTi0 3 in cyclic service life, load charac- 
teristics and low-temperature characteristics. 

[021 4] It is also seen that the Examples 4 and 1 1 , in which 3 to 1 0.9 parts by weight of 7i0 2 is contained in the gelated 
electrolyte, prepared using the block copolymer poly(vinylidene fluoride -co- hexafluoropropylene) as a matrix polymer, 
are superior to the Comparative Example 5 not containing BaT10 3 in cyclic service life, load characteristics and low- 
temperature characteristics. 

[0215] It is also seen that the Examples 12 and 13, in which the gelated electrolyte is prepared using polyethylene 
oxide as a matrix polymer, but which contains BaTi0 3 in an amount of 3 parts by weight, are superior to the Comparative 
Example 6 not containing BaT10 3 in cyclic service life, load characteristics and low-temperature characteristics. 
[0216] It is also seen that the Example 14, in which the gelated electrolyte is prepared using polyacrylonitrile as a 
matrix polymer, but which contains BaTi0 3 in an amount of 3 parts by weight, is superior to the Comparative Example 
7 not containing BaTi0 3 in cyclic service life, load characteristics and low-temperature characteristics. 
[0217] It is also seen that the Example 15, in which the gelated electrolyte is prepared using polymethacrylonitrile 
as a matrix polymer, but which contains BaTi0 3 in an amount of 3 parts by weight, is superior to the Comparative 
Example 8 not containing BaTi0 3 in cyclic service life, load characteristics and low-temperature characteristics. 
[0218] It is also seen that the Example 16, in which the gelated electrolyte is prepared using a block copolymer poly 
(vinylidene fluoride -co-hexafluoropropylene) as a matrix polymer and also using LiBF 4 and LiN(C 2 F 5 S0 2 ) 2 as an 
electrolytic salt, but which contains BaTi0 3 in an amount of 3 parts by weight, is superior to the Comparative Example 
10 not containing BaTi0 3 in cyclic service life, load characteristics and low-temperature characteristics. 
[021 9] It is also seen that the Example 1 6, in which the gelated electrolyte is prepared using a block copolymer poly 
(vinylidene fluoride -co-hexafluoropropylene) as a matrix polymer and also using LiN(S0 2 CF 3 ) 2 as an electrolytic salt, 
but which contains BaTi0 3 in an amount of 3 parts by weight, is superior to the Comparative Example 1 1 not containing 
BaT10 3 in cyclic service life, load characteristics and low-temperature characteristics. 

[0220] It is also seen that the Example 1 8, in which the gelated electrolyte is prepared by adding diethyl carbonate 
to a plasticizer, but which contains BaTi0 3 in an amount of 3 parts by weight, is superior to the Comparative Example 

12 not containing BaTi0 3 in cyclic service life, load characteristics and low-temperature characteristics. 

[0221 ] It is also seen that the Example 1 9, in which the gelated electrolyte is prepared by adding dimethyl carbonate 
to a plasticizer, but which contains BaTi0 3 in an amount of 3 parts by weight, is superior to the Comparative Example 

13 not containing BaTi0 3 in cyclic service life, load characteristics and low-temperature characteristics. 

[0222] It is also seen that the Example 20, in which BaO is contained in an amount of 3 parts by weight in the gelated 
electrolyte prepared using a block copolymer poly(vinylidene fluoride -co-hexafluoropropylene) as a matrix polymer, 
is superior to the Comparative Example 5 not containing BaO in cyclic service life, load characteristics and low-tem- 
perature characteristics. 

[0223] It is also seen that the Example 20, in which Al 2 0 3 is contained in an amount of 3 parts by weight in the 
gelated electrolyte prepared using a block copolymer poly(vinylidene fluoride -co-hexafluoropropylene) as a matrix 
polymer, is inferior to the Comparative Example 7 containing BaTi0 3 in cyclic service life, load characteristics and low- 
temperature characteristics. 
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<Non-Aqueous Electrolyte Cell Containing an Inorganic Compound in a Non-Aqueous Electrolyte> 
Example 21 

[0224] First, a layer of a negative electrode active material was prepared. First, 90 parts by weight of graph ite powders 
and 10 parts by weight ofpolyvinylidene fluoride, as a binder, were mixed together to prepare a negative electrode 
mixture. The negative electrode mixture, so prepared, was dispersed in N-methyl-2-pyrrolidone to form a slurry. This 
slurry then was coated evenly on one surface of a strip-shaped copper foil, which later proves a current collector for 
the negative electrode. The resulting product was dried in situ and was compression-molded in a roll press to fabricate 
a layer of the negative electrode active material. 

[0225] A layer of the positive electrode active material then was prepared. First, LiC0 3 and CoC0 3 were mixed at a 
molar ratio of 0.5 to 1 .0. The resulting mixture was then fired in air at 900°C for five hours to fabricate LiCo0 2 , which 
then was mixed with 91 parts by weight of LiCo0 2 , 6 parts by weight of graphite, as an electrification agent, and 3 parts 
by weight of polyvinylidene fluoride, as a binder, to form a positive electrode mixture. This positive electrode mixture 
was then dispersed in N-methyl-2-pyrrolidone to form a slurry, which then was evenly coated on one surface of a strip- 
like aluminum foil, 20 u, m in thickness, which later proves a positive electrode current collector. The resulting product 
was dried in situ and compression-molded in a roll press to give a layer of a positive electrode active material. 
[0226] A non-aqueous electrolyte then was prepared. 15 parts by weight of ethylene carbonate (EC), 15 parts by 
weight of propylene carbonate (PC), 2 parts by weight of diethyl carbonate and 10 parts by weight of LiPF 6 , as an 
electrolytic salt, were mixed together and added to with 1 0 parts by weight of BaTi0 3 . The resulting mass was dispersed 
uniformly to form a non-aqueous electrolyte. 

[0227] Finally, the layers of the positive electrode active material and the negative electrode active material were 
press-fitted to each other via a separator to form a coiled product, which was then accommodated in a cell can. Into 
this can was poured a non-aqueous electrolyte to complete a non-aqueous electrolyte cell. 

Example 22 

[0228] First, a layer of the positive electrode active material and a layer of a negative electrode active material were 
prepared in the same way as in Example 21 . 

[0229] A non-aqueous electrolyte then was prepared. 10 parts by weight of ethylene carbonate (EC), 10 parts by 
weight of propylene carbonate (PC), 26.7 parts by weight of diethyl carbonate and 13.3 parts by weight of LiPF 6 , as 
an electrolytic salt, were mixed together and added to with 40 parts by weight of BaTi0 3 . The resulting, mass was 
dispersed uniformly to form a non-aqueous electrolyte. 

[0230] Finally, the layers of the positive and negative electrode active materials were press-fitted to each other via 
a separator to form a coiled set, which was then accommodated in a cell can. Into this can was poured a non-aqueous 
electrolyte to complete a non-aqueous electrolyte cell. 

Example 23 

[0231] First, a layer of the positive electrode active material and a layer of a negative electrode active material were 
prepared in the same way as in Example 21 . 

[0232] A non-aqueous electrolyte then was prepared. 3.3 parts by weight of ethylene carbonate (EC), 10 parts by 
weight of propylene carbonate (PC), 9 parts by weight of diethyl carbonate and 4.4 parts by weight of LiPF 6 , as an 
electrolytic salt, were mixed together and added to with 80 parts by weight of BaTi0 3 . The resulting mass was dispersed 
uniformly to form a non-aqueous electrolyte. 

[0233] Finally, the layers of the positive electrode active material and the negative electrode active material were 
press-fitted to each other via a separator to form a coiled product, which was then accommodated in a cell can. Into 
this can was poured a non-aqueous electrolyte to complete a non-aqueous electrolyte cell. 

Example 24 

[0234] First, a layer of the positive electrode active material and a layer of a negative electrode active material were 
prepared in the same way as in Example 21 . 

[0235] A non-aqueous electrolyte then was prepared. 15 parts by weight of ethylene carbonate (EC), 15 parts by 
weight of propylene carbonate (PC), 40 parts by weight of diethyl carbonate and 20 parts by weight of LiPF 6 , as an 
electrolytic salt, were mixed together and added to with 1 0 parts by weight of Ti0 2 . The resulting mass was dispersed 
uniformly to form a non-aqueous electrolyte. 

[0236] Finally, the layers of the positive electrode active material and the negative electrode active material were 
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press-fitted to each other via a separator to form a coiled product, which was then accommodated in a cell can. Into 
this can was poured a non-aqueous electrolyte to complete a non-aqueous electrolyte cell. 

Example 25 

[0237] First, a layer of the positive electrode active material and a layer of a negative electrode active material were 
prepared in the same way as in Example 21 . 

[0238] A non-aqueous electrolyte then was prepared. 10 parts by weight of ethylene carbonate (EC), 10 parts by 
weight of propylene carbonate (PC), 26.7 parts by weight of diethyl carbonate and 20 parts by weight of LiPF 6; as an 
electrolytic salt, were mixed together and added to with 40 parts by weight of Ti0 2 . The resulting mass was dispersed 
uniformly to form a non-aqueous electrolyte. 

[0239] Finally, the layers of the positive electrode active material and the negative electrode active material were 
press-fitted to each other via a separator to form a coiled set, which was then accommodated in a cell can. Into this 
can was poured a non-aqueous electrolyte to complete a non-aqueous electrolyte cell. 

Example 26 

[0240] A non-aqueous electrolyte cell was prepared in the same way as in Example 21 except adding equimolar 
amounts of UBF 4 and LiN(C 2 F 5 S0 2 ) 2 in place of LiPF 6 as an electrolytic salt for the non-aqueous electrolyte. 

Example 27 

[0241] A non-aqueous electrolyte cell was prepared in the same way as in Example 21 except adding equimolar 
amounts of LiN(S0 2 CF 5 ) 2 in place of LiPF 6 as an electrolytic salt for the non-aqueous electrolyte. 

Example 28 

[0242] First, a layer of the positive electrode active material and a layer of a negative electrode active material were 
prepared in the same way as in Example 21 . 

[0243] A non-aqueous electrolyte then was prepared. 5 parts by weight of ethylene carbonate (EC), 10 parts by 
weight of propylene carbonate (PC), 55 parts by weight of ethylmethyl carbonate and 20 parts by weight of LiPF 6 , as 
an electrolytic salt, were mixed together and added to with 1 0 parts by weight of Ti0 2 . The resulting mass was dispersed 
uniformly to form a non-aqueous electrolyte. 

[0244] Finally, the layers of the positive and negative electrode active materials were press-fitted to each other via 
a separator to form a coiled product, which was then accommodated in a cell can. Into this can was poured a non- 
aqueous electrolyte to complete a non-aqueous electrolyte cell. 

Example 29 

[0245] A non-aqueous electrolyte cell was prepared in the same way as in Example 21 . 

[0246] A non-aqueous electrolyte then was prepared. 15 parts by weight of ethylene carbonate (EC), 15 parts by 
weight of propylene carbonate (PC), 40 parts by weight of diethyl carbonate and 20 parts by weight of LiPF 6 , as an 
electrolytic salt, were mixed together and added to with 1 0 parts by weight of BaO. The resulting mass was dispersed 
uniformly to form a non-aqueous electrolyte. 

[0247] Finally, the layers of the positive electrode active material and the negative electrode active material were 
press-fitted to each other via a separator to form a coiled product, which was then accommodated in a cell can. Into 
this can was poured a non-aqueous electrolyte to complete a non-aqueous electrolyte cell. 

Comparative Example 14 

[0248] A layer of a positive electrode active material and a layer of the negative electrode active material were 
prepared in the same way as in Example 21 . 

[0249] A non-aqueous electrolyte then was prepared. 16.7 parts by weight of ethylene carbonate (EC), 16.7 parts 
by weight of propylene carbonate (PC), 44.4 parts by weight of diethyl carbonate and 22.2 parts by weight of LiPF 5 , 
as an electrolytic salt, were mixed together to form a non-aqueous electrolyte. 

[0250] Finally, the layers of the positive and negative electrode active materials were press-fitted to each other via 
a separator to form a coiled product, which was then accommodated in a cell can. Into this can was poured a non- 
aqueous electrolyte to complete a non-aqueous electrolyte cell. 
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Comparative Example 15 

[0251] A non-aqueous electrolyte cell was prepared in the same way as in Example 21 except adding Al 2 0 3 in place 
of BaTi0 3 to the non-aqueous electrolyte. 

Comparative Example 16 

[0252] An non-aqueous electrolyte cell was prepared in the same way as in Comparative Example 1 4 except adding 
a mixture of equimolar amounts of UBF 4 and LiN(C 2 F 5 S0 2 )2 in place of LiPF 6 as an electrolytic salt of the non-aqueous 
electrolyte. 

Comparative Example 1 7 

[0253] An non-aqueous electrolyte cell was prepared in the same way as in Comparative Example 21 except adding 
LiN(S0 2 CF 5 ) 2 in place of LiPF 6 as the electrolytic salt of the non-aqueous electrolyte. 

Comparative Example 18 

[0254] A layer of a positive electrode active material and a layer of the negative electrode active material were 
prepared in the same way as in Example 21 . 

[0255] A non-aqueous electrolyte then was prepared. 5.6 parts by weight of ethylene carbonate (EC) : 11.1 parts by 
weight of propylene carbonate (PC), 61 .1 parts by weight of ethylmethyl carbonate and 22.2 parts by weight of UPF 6 , 
as an electrolytic salt, were mixed together to form a non-aqueous electrolyte. 

[0256] Finally, the layers of the positive and negative electrode active materials were press-fitted to each other, via 
a separator, to form a coiled set, which was then accommodated in a cell can. Into this can was poured a non-aqueous 
electrolyte to complete a non-aqueous electrolyte cell. 

[0257] Ofthe non-aqueous electrolyte cells, prepared by Examples21 and Comparative Examples 1 4, to 1 8, the cyclic 
service life, heavy load characteristics and low-temperature characteristics were measured by the following method: 

<Cyclic Service Life> 

[0258] 500 charging/discharging cyclic tests were conducted at the two-hour rate discharging (1/2C) of the theoretical 
capacity to make following evaluations: First, constant-current constant-voltage charging was carried out at 23 °C for 
ten hours up to an upper limit of 4.2 V. Then, two-hour rate discharging (1/2C) was carried out up to the terminal voltage 
of 3.2 V. The discharge capacity was decided in this manner and, from the average voltage, found therefrom, an output 
at the hour rate discharging was calculated as percentage value for the 5-hour rate discharging (1/5C) at an earlier 
time of the cyclic period. 

<Load Characteristics> 

[0259] A 1/3 hour rate discharging (3C) of the theoretical capacity was carried out to make the following evaluations: 
First, a constant current constant voltage charging was carried out on each cell at 23°C : up to an upper limit of 4.2 V, 
for ten hours. The 1/3-hour rate charging (3C) was then carried out to a terminal voltage of 3.2 V. The discharge capacity 
was decided in this manner and, from the average voltage, found therefrom, an output at each hour rate discharging 
was calculated as percentage value for the 5-hour rate discharging (1/5C). 

< Low-Temperature Characteristics> 

[0260] Two-hour rate discharging of the theoretical capacity (1/2C) was carried out at lower temperatures to make 
the following evaluations: First, constant current constant voltage charging was carried out for each cell at 23°C for 
ten hours up to an upper limit of 4.2 V. Then, two hour rate discharging (1/2C) was carried out at -20°C up to a terminal 
voltage of 3.2 V. From the average voltage, found therefrom, an output at the hour rate discharging was calculated as 
a percentage to the 5-hour rate discharging at ambient temperature (23°C). 

[0261] The following Table 3 shows measured results of the cyclic service life, heavy load characteristics and low- 
temperature characteristics of the above-described Examples 21 to 29 and Comparative Examples 14 to 18: 
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Table 3 



10 





cyclic service life (%) 


load charactpri<?tir<; 


low tf»mri£» rati iro oharantorictir^c (%,\ 


Ex.21 


88 


75 


81 


Ex.22 


85 


67 


76 


Ex.23 


85 


65 


77 


Ex.24 


86 


71 


77 


Ex.25 


85 


68 


58 


Ex.26 


85 


64 


73 


Ex.27 


89 


82 


83 


Ex.28 


85 


64 


82 


Ex.29 


85 


63 


72 


Comp. Ex.14 


85 


60 


70 


Comp. Ex.15 


85 


55 


46 


Comp. Ex.16 


86 


73 


74 


Comp. Ex.17 


85 


70 


76 


Comp. Ex.18 


85 


62 


76 



25 

[0262] It is seen from Table 3 that the Examples 21 to 23, containing 10 to 80 parts by weight of BaTi0 3 in the non- 
aqueous electrolyte, are superior to the Comparative Example 14 not containing BaTi0 3 in cyclic service life, heavy 
load characteristics and in low temperature characteristics. ' 

[0263] It is also seen that the Examples 24 and 25, containing 10 to 40 parts by weight of Ti0 2 in the non-aqueous 
30 electrolyte, are superior to the Comparative Example 14 not containing Ti0 2 in cyclic service life, heavy load charac- 
teristics and in low temperature characteristics. 

[0264] It is also seen that the Example 26 in which a mixture of LiBF 4 and LiN(C 2 F 5 S0 2 )2 is used as an electrolytic 
salt in the preparation of the non-aqueous electrolyte, but which contains 10 parts by weight of BaTi0 3 , is superior to 
the Comparative Example 1 6 not containing BaTiO a in cyclic service life, heavy load characteristics and in low tem- 
35 perature characteristics. 

[0265] It is also seen that the Example 27 in which LiN(S0 2 CF 3 ) 2 is used as an electrolytic salt in the preparation of 
the non-aqueous electrolyte, but which contains 10 parts by weight of BaTi0 3 , is superior to the Comparative Example 

17 not containing BaTi0 3 in cyclic service life, heavy load characteristics and in low temperature characteristics. 
[0266] It is also seen that the Example 28 in which ethylmethyl carbonate Is mixed into the non-aqueous electrolyte 

40 but which contains 1 0 parts by weight of BaTi0 3 in the non-aqueous electrolyte is superior to the Comparative Example 

18 not containing BaTi0 3 in cyclic service life, heavy load characteristics and in low temperature characteristics. 
[0267] It is also seen that the Example 29 containing 10 parts by weight of BaO is superior to the Comparative 
Example 14 not containing BaTi0 3 in cyclic service life, heavy load characteristics and in low temperature character- 
istics. 

45 

<Non-Aqueous Electrolyte Cell Containing an Inorganic Compound in an Electrode> 
Example 30 

50 [0268] First, a negative electrode was prepared. 80 parts by weight of pulverized graphite powders and 1 0 parts by 
weight of polyvinylidene fluoride, as a binder, were mixed together to form a negative electrode mixture. This negative 
electrode mixture then was dispersed in N-methyl pyrrolidone to form a slurry, into which 1 0 parts by weight of BaTi0 3 
was added and dispersed evenly. The resulting product was then coated uniformly on one surface of a strip-shaped 
copper foil, 10 u/n in thickness, which later proves a negative electrode current collector. The resulting product then 

55 was dried and compression-molded in a roll press to form a layer of a negative electrode. 

[0269] A positive electrode then was prepared. First, LiC0 3 and CoC0 3 were mixed together, at a molar ratio of 0.5 
to 1 .0, and sintered in air at 900°C for five hours to form LiCo0 2 . 86 parts by weight of this LiCo0 2 , 6 parts by weight 
of graphite, as an electrification agent, and 3 parts by weight of polyvinylidene fluoride, as a binder, were mixed together 
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to form a positive electrode mixture. This positive electrode mixture then was dispersed in N-methyl pyrrolidone to form 
a slurry, into which 1 0 parts by weight of BaTi0 3 was added and dispersed evenly. The resulting mass was then coated 
uniformly on one surface of a strip-shaped aluminum foil. 20 \x m in thickness, which later proves a positive electrode 
current collector. The resulting product then was dried and compression-molded in a roll press to form a layer of a 
positive electrode active material. 

[0270] The non-aqueous electrolyte then was prepared. 15 parts by weight of ethylene carbonate (EC), 15 parts by 
weight of propylene carbonate (PC), 50 parts by weight of diethyl carbonate and 20 parts by weight of LiPF 6 , as an 
electrolytic salt, were mixed together to form a non-aqueous electrolyte. 

[0271] Finally, the positive and negative electrodes are press-fitted together via a separator formed by a microporous 
polypropylene film to form a coiled product, which then was housed in a cell can. A non-aqueous electrolyte then was 
poured into the can to complete a non-aqueous electrolyte cell. 

Example 31 

[0272] First, a negative electrode was prepared. 71 .1 parts by weight of pulverized graphite powders and 8.9 parts 
by weight ofpolyvinylidene fluoride, as a binder, were mixed together to form a negative electrode mixture. This negative 
electrode mixture then was dispersed in N-methyl pyrrolidone to form a slurry, into which 20 parts by weight of BaTi0 3 
was added and dispersed evenly. The resulting product was then coated uniformly on one surface of a strip-shaped 
copper foil, 10 u,m in thickness, which later proves a negative electrode current collector. The resulting product then 
was dried and compression-molded in a roll press to form a layer of a negative electrode. 

[0273] A positive electrode then was prepared. First, LiC0 3 and C0CO3 were mixed together, at a molar ratio of 0.5 
to 1 .0, and sintered in air at 900°C for five hours to form LiCo0 2 . 72.4 parts by weight of this LiCo0 2 , 5.1 parts by 
weight of graphite, as an electrification agent, and 2.5 parts by weight ofpolyvinylidene fluoride, as a binder, were mixed 
together to form a positive electrode mixture. This positive electrode mixture then was dispersed in N-methyl pyrrolidone 
to form a slurry, into which 10 parts by weight of BaTiO a was added and dispersed evenly. The resulting mass was 
then coated uniformly on one surface of a strip-shaped aluminum foil, 20 ^m in thickness, which later proves a positive 
electrode current collector. The resulting product then was dried and compression-molded in a roll press to form a layer 
of a positive electrode active material. 

[0274] The non-aqueous electrolyte then was prepared. 15 parts by weight of ethylene carbonate (EC), 15 parts by 
weight of propylene carbonate (PC), 50 parts by weight of diethyl carbonate and 20 parts by weight of LiPF 6 , as an 
electrolytic salt, were mixed together to form a non-aqueous electrolyte. 

[0275] Finally, the positive and negative electrodes were press-fitted together via a separator formed by a micropo- 
rous polypropylene film to form a coiled product, which then was housed in a cell can. A non-aqueous electrolyte then 
was poured into the can to complete a non-aqueous electrolyte cell. 

Example 32 

[0276] A non-aqueous electrolyte cell was prepared by a method similar to one used in Example 30, except adding 
Ti0 2 , in place of BaTi0 3 , to the positive and negative electrode active materials. 

Example 33 

[0277] A non-aqueous electrolyte cell was prepared by a method similar to one used in Example 30, except mixing, 
in preparing a negative electrode, 90 parts by weight of the pulverized graphite powders and 10 parts by weight of 
polyvinylidene fluoride, as a binder. 

Example 34 

[0278] A non-aqueous electrolyte cell was prepared by a method similar to one used in Example 30, except mixing, 
in the preparation of the non-aqueous electrolyte cell, 90.5 parts by weight of LiCo0 2 , 6.3 parts by weight of graphite, 
as an electrification agent, 3.2 parts by weight of polyvinylidene fluoride, as a binder. 

Example 35 

[0279] A non-aqueous electrolyte cell was prepared by a method similar to one used in Example 30, except adding 
BaO, in place of BaTi0 3 , to the to the positive and negative electrode active materials. 
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Example 36 

[0280] First, positive and negative electrode active materials were prepared in the same way as in Example 30. 
[0281] Next, a gelated electrolyte was fabricated. First, 12 parts by weight of ethylene carbonate (EC), 12 parts by 

5 weight of propylene carbonate (PC) and 6 parts by weight of LiPF 6 , as an electrolytic salt, were mixed together to give 
a plasticizer, to which were added 1 0 parts by weight of a poly(vinylidene fluoride-co- hexafluoropropylene) copolymer, 
with a molecular weight of 600000, and 60 parts by weight of diethyl carbonate. The resulting solution was uniformly 
coated on one surface of each of the negative electrode active material and the positive electrode active material for 
impregnation. The resulting product was allowed to stand at ambient temperature for eight hours to vaporize diethyl 

10 carbonate off to prepare a gelated electrolyte. 

[0282] Finally, the layers of the positive and negative electrode active materials, coated with the gelated electrolyte, 
were press-fitted to each other, with the surfaces carrying the gelated electrolyte facing each other, to fabricate a cell 
element, which was then accommodated in an exterior film to form a gelated electrolyte cell 2.5 cm x 4.0 cm >: 0.3 
mm in size. 

15 

Example 37 

[0283] A non-aqueous electrolyte cell was prepared in the same way as in Example 30, except using Mg 2 Si in place 
of graphite powders in the positive electrode active material. 

20 

Comparative Example 1 9 

[0284] First, a negative electrode was prepared. 90 parts by weight of pulverized graphite powders and 10 parts by 
weight of polyvinylidene fluoride, as a binder, were mixed together to form a negative electrode mixture. This negative 
25 electrode mixture then was dispersed in N-methyl pyrrolidone to form a slurry. This slurry was then coated uniformly 
on one surface of a strip-shaped copper foil, 10 \im in thickness, which later proves a negative electrode current 
collector. The resulting product then was dried and compression-molded in a roll press to form a layer of a negative 
electrode. 

[0285] A positive electrode then was prepared. First, LiC0 3 and C0CO3 were mixed together, at a molar ratio of 0.5 
30 to 1 .0, and sintered in air at 900°C for five hours to form LiCo0 2 . 90.5 parts by weight of this LiCo0 2 , 6.3 parts by 
weight of graphite, as an electrification agent, and 3.2 parts by weight of polyvinylidene fluoride, as a binder, were 
mixed together to form a positive electrode mixture. This positive electrode mixture then was dispersed in N-methyl- 
2-pyrrolidone to form a slurry, into which 10 parts by weight of BaTi0 3 was added and dispersed evenly. The resulting 
mass was then coated uniformly on one surface of a strip-shaped aluminum foil, 20 u.m in thickness, which later proves 
35 a positive electrode current collector. The resulting product then was dried and compression-molded in a roll press to 
form a layer of a positive electrode. 

[0286] The non-aqueous electrolyte then was prepared. 15 parts by weight of ethylene carbonate (EC), 15 parts by 
weight of propylene carbonate (PC), 50 parts by weight of diethyl carbonate and 20 parts by weight of LiPF 6 , as an 
electrolytic salt, were mixed together to form a non-aqueous electrolyte. 
40 [0287] Finally, the positive and negative electrodes were press-fitted together via a separator formed by a micropo- 
rous polypropylene film to form a coiled product, which then was housed in a cell can. A non-aqueous electrolyte then 
was poured into the can to complete a non-aqueous electrolyte cell. 

Comparative Example 20 

45 

[0288] A non-aqueous electrolyte cell was prepared in the same way as in Example 30 except adding Al 2 0 3 , in place 
of BaTi0 3 , to the positive and negative electrode active materials. 

Comparative Example 21 

50 

[0289] First, positive and negative electrode active materials were prepared in the same way as in Comparative 
Example 19. 

[0290] Next, a gelated electrolyte was fabricated in the same way as in Example 7. Finally, a cell element was formed 
by a method similar to one used in Example 7 and was accommodated in an exterior film to complete a gelated elec- 
55 trolyte cell 2.5 cm x 4.0 cm x 0.3 mm in size. 
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Comparative Example 22 

[0291] A non-aqueous electrolyte cell was prepared in the same way as in Comparative Example 19 except adding 
Mg 2 Si in place of graphite powders in the positive electrode active material. 

[0292] Of the non-aqueous electrolyte cells, prepared in Examples 30 to 37 and in Comparative Examples 19 to 22, 
the cyclic service life, heavy load characteristics and low temperature characteristics were measured by the following 
method: 

<Cyclic Service Life> 

[0293] 500 charging/discharging cycle tests were carried out at a two-hour rate discharging of the theoretical capacity 
(1/2C) to make the following evaluations: First, constant current constant voltage charging was carried out for each 
cell at 23°C for ten hours up to an upper limit of 4.2 V. Then, two hour rate discharging (1/2C) was carried out up to a 
terminal voltage of 3.2 V. The discharge capacity was determined in this manner. From the average voltage, found 
therefrom, an output at the hour rate discharging was calculated as a percentage to the 5-hour rate discharging (1/5C) 
at an earlier time point in the cyclic period. 

<Load Characteristics> 

[0294] The 1 /3 hour rate discharging (3C) of the theoretical capacity was carried out to make the following evaluations: 
First, constant current constant voltage charging was carried out for each cell at 23 0 C for ten hours up to an upper 
limit of 4.2 V. Then, 1/3 hour rate discharging (3C) was carried out up to a terminal voltage of 3.2 V. The discharge 
capacity was determined in this manner. From the average voltage, found therefrom, an output at the hour rate dis- 
charging was calculated as a percentage to the 5-hour rate discharging (1/5C). 

< Low-Temperature Characteristics> 

[0295] The two hour rate discharging (1/2C) of the theoretical capacity was carried out to make the following evalu- 
ations: First, constant current constant voltage charging was carried out for each cell at 23 °C for ten hours up to an 
upper limit of 4.2 V. Then, two hour rate discharging (1/2C) was carried out at -20°C up to a terminal voltage of 3.2 V. 
From the average voltage, found therefrom, an output at the hour rate discharging was calculated as a percentage to 
the five hour rate discharging (1/5C) at an ambient temperature (23°C). 

[0296] The following Table 4 shows measured results of the cyclic service life, heavy load characteristics and low- 
temperature characteristics of the above-described Examples 30 to 37 and Comparative Examples 1 9 to 22: 



Table 4 





cyclic characteristics (%) 


load characteristics (%) 


low temperature characteristics (%) 


Ex.30 


88 


73 


77 


Ex.31 


89 


66 


75 


Ex.32 


86 


72 


74 


Ex.33 


87 


68 


73 


Ex.34 


87 


63 


71 


Ex.35 


85 


63 


72 


Ex.36 


92 


81 


64 


Ex.37 


70 


71 


66 


Comp. Ex. 19 


85 


60 


70 


Comp. Ex. 20 


89 


73 


60 


Comp. Ex. 21 


89 


71 


57 


Comp. Ex. 22 


89 


71 


58 



[0297] It is seen from Table 4 that the Examples 30 and 31 , containing 5 to 20 parts by weight of BaTi0 3 in the 
positive electrode active material and also containing 1 0 to 20 parts by weight of BaTi0 3 in the negative electrode 
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active material, have been improved in cyclic service life, heavy load characteristics and low-temperature- character- 
istics over the Comparative Example 19 not containing Ba7i0 3 . 

[0298] It is also seen that the Example 32, containing 5 parts by weight of Ti0 2 in the positive electrode active material 
and also containing 10 parts by weight of Ti0 2 in the negative electrode active material, has been improved in cyclic 
5 service life, heavy load characteristics and low-temperature characteristics over the Comparative Example 19 not 
containing Ti0 2 . 

[0299] It is also seen that the Example 33 : containing 5 parts by weight of BaTi0 3 in the positive electrode active 
material, has been improved in cyclic service life, heavy load characteristics and low-temperature characteristics over 
the Comparative Example 19 not containing BaTi0 3 . 
w [0300] It is also seen that the Example 34, containing 10 parts by weight of BaTi0 3 only in the negative electrode 
active material has been improved in cyclic service life, heavy load characteristics and low-temperature characteristics 
over the Comparative Example 19 not containing BaTO 3 . 

[0301 ] It is also seen that the Example 35, containing 5 parts by weight of BaO in the positive electrode active material 
and also containing 10 parts by weight of BaO in the negative electrode active material, has been improved in cyclic 
is service life, heavy load characteristics and low-temperature characteristics over the Comparative Example 19 not 
containing T10 2 . 

[0302] It is also seen that the Example 36 : containing 5 parts by weight of BaTi0 3 in the positive electrode active 
material and also containing 10 parts by weight of BaTi0 3 in the negative electrode active material, has been improved 
in cyclic service life, heavy load characteristics and low-temperature characteristics over the Comparative Example 21 
20 not containing BaTi0 3 . 

[0303] It is likewise seen that the Example 37, containing 5 parts by weight of BaT10 3 in the positive electrode active 
material and also containing Mg 2 Si in place of graphite powders in the positive electrode active material, has been 
improved in cyclic service life, heavy load characteristics and low-temperature characteristics over the Comparative 
Example 22 not containing BaTi0 3 . 
25 [0304] On the other hand, it is seen that the Comparative Example 20, containing 5 parts by weight of Al 2 0 3 , with 
the specific inductive capacity less than 12, in the positive electrode active material, and also containing 10 parts by 
weight of Al 2 0 3 , with the specific inductive capacity less than 12 in the negative electrode active material, has been 
lowered in cyclic service life, heavy load characteristics and low-temperature characteristics over the Example 30 
containing BaTi0 3 . 

30 

Claims 

1 . A separator containing an inorganic compound having a specific inductive capacity not lower than 1 2. 

35 

2. The separator according to claim 1 wherein said inorganic compound exhibits ferroelectricity. 

3. The separator according to claim 2 wherein said inorganic compound is BaT(0 3 and/or Ti0 2 . 

40 4. The separator according to claim 1 wherein said inorganic compound exhibits paraelectricity. 

5. The separator according to claim 1 formed of a high molecular materials containing olefin and/or vinylidene fluoride 
as a repetitive unit. 

*s 6. A non-aqueous electrolyte cell comprising: 

a negative electrode, a positive electrode, a non-aqueous electrolyte and a separator, wherein 

said separator contains an inorganic compound having a specific inductive capacity not lower than 12. 

50 7. The non-aqueous electrolyte cell according to claim 6 wherein said inorganic compound exhibits ferroelectricity. 

8. The non-aqueous electrolyte cell according to claim 7 wherein said inorganic compound is Ba7i0 3 and/or Ti0 2 . 

9. The non-aqueous electrolyte cell according to claim 6 wherein said inorganic compound exhibits paraelectricity. 

55 

10. The non-aqueous electrolyte cell according to claim 6 wherein said negative electrode contains a substance ca- 
pable of doping/undoping lithium, as an active material; 

said positive electrode containing a lithium compound oxide as an active material. 
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11. The non-aqueous electrolyte cell according to claim 6 wherein said non-aqueous electrolyte contains at least one 
selected from the group consisting of LiPF 6; LiBF 4 , LiN(C 2 F 5 S0 2 ) 2 , LiN(CF 3 S0 2 ) 2 and LiCF 3 S0 3 . 

12. A gelated electrolyte obtained on gelating a non-aqueous electrolyte solution obtained in turn on dissolving an Li- 
containing electrolyte salt in a non-aqueous solvent, wherein 

the gelated electrolyte contains an inorganic compound having a specific inductive capacity not lower than 12. 

13. The gelated electrolyte according to claim 12 wherein said inorganic compound exhibits ferroelectricity 

14. The gelated electrolyte according to claim 13 wherein said inorganic compound is BaTi0 3 and/or Ti0 2 . 

15. The gelated electrolyte according to claim 12 wherein said inorganic compound exhibits paraelectricity. 

16. The gelated electrolyte according to claim 12 wherein at least one selected from the group consisting of LiPF 6 , 
LiBF 4 , LiN(C 2 F 5 S0 2 ) 2 , LiN(CF 3 S0 2 ) 2 and LiCF 3 S0 3 is contained as the electrolytic salt. 

17. A non-aqueous electrolyte cell comprising a negative electrode, a positive electrode and a gelated electrolyte; 

said gelated electrolyte containing an inorganic compound having a specific inductive capacity not lower 
than 12. 

18. The non-aqueous electrolyte cell according to claim 17 wherein said inorganic compound exhibits ferroelectricity. 

19. The non-aqueous electrolyte cell according to claim 18 wherein said inorganic compound is BaTi0 3 and/or Ti0 2 . 

20. The non-aqueous electrolyte cell according to claim 17 wherein said inorganic compound exhibits paraelectricity. 

21. The non-aqueous electrolyte cell according to claim 17 wherein said negative electrode contains a substance 
capable of doping/undoping lithium as an active material; 

said positive electrode containing a lithium compound oxide as an active material. 

22. The non-aqueous electrolyte cell according to claim 1 7 wherein said non-aqueous electrolyte contains at least one 
selected from the group consisting of LiPF 6 , LiBF 4 , LiN(C 2 F 5 S0 2 ) 2 , LiN(CF 3 S0 2 ) 2 and LiCF 3 S0 3 . 

23. A non-aqueous electrolyte containing a non-aqueous solvent, an Li-containing electrolytic salt and an inorganic 
compound having a specific inductive capacity not lower than 12. 

24. The non-aqueous electrolyte according to claim 23 wherein said inorganic compound exhibits ferroelectricity 

25. The gelated electrolyte according to claim 24 wherein said inorganic compound is Ba~Ti0 3 and/or Ti0 2 . 

26. The gelated electrolyte according to claim 23 wherein said inorganic compound exhibits paraelectricity 

27. The gelated electrolyte according to claim 23 wherein at least one selected from the group consisting of LiPF 6> 
LiBF 4 , LiN(C 2 F 5 S0 2 ) 2 , LiN(CF 3 S0 2 ) 2 and LiCF 3 S0 3 is contained as the electrolytic salt. 

28. A non-aqueous electrolyte cell comprising a negative electrode, a positive electrode and a gelated electrolyte; 

said gelated electrolyte containing an inorganic compound having a specific inductive capacity not lower 
than 12. 

29. The non-aqueous electrolyte cell according to claim 28 wherein said inorganic compound exhibits ferroelectricity. 

30. The non-aqueous electrolyte cell according to claim 29 wherein said inorganic compound is BaTi0 3 and/or Ti0 2 . 

31. The non-aqueous electrolyte cell according to claim 28 wherein said inorganic compound exhibits paraelectricity. 

32. The non-aqueous electrolyte cell according to claim 28 wherein said negative electrode contains a substance 
capable of doping/undoping lithium as an active material; 

said positive electrode containing a lithium compound oxide as an active material. 
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33. The non-aqueous electrolyte cell according to claim 28 wherein said non-aqueous electrolyte contains at least one 
selected from the group consisting of LiPF 6 . LiBF 4 , LiN(C 2 F 5 S0 2 ) 2 , LiN(CF 3 S0 2 ) 2 and LiCF 3 S0 3 . 

34. An electrode for a cell in which an electrode mixture layer containing an active material is formed on a current 
collector, wherein 

said electrode mixture layer contains an inorganic compound having a specific inductive capacity not lower 
than 12. 

35. The electrode according to claim 34 wherein said inorganic compound exhibits ferroelectricity 

36. The electrode according to claim 35 wherein said inorganic compound is Ba710 3 and/or Ti0 2 . 

37. The electrode according to claim 34 wherein said inorganic compound exhibits paraelectricity. 

38. A non-aqueous electrolyte cell comprising a negative electrode, a positive electrode and a gelated electrolyte; 
wherein 

a layer of an electrode mixture containing an active material is formed on a current collector of said positive 
electrode and/or said negative electrode; said electrode mixture layer containing an inorganic compound having 
a specific inductive capacity not lower than 12. 

39. The non-aqueous electrolyte cell according to claim 38 wherein said inorganic compound exhibits ferroelectricity. 

40. The non-aqueous electrolyte cell according to claim 39 wherein said inorganic compound is BaTi0 3 and/or Ti0 2 . 

41. The non-aqueous electrolyte cell according to claim 38 wherein said inorganic compound exhibits paraelectricity. 

42. The non-aqueous electrolyte cell according to claim 38 wherein said negative electrode contains a substance 
capable of doping/undoping lithium as an active material; 

said positive electrode containing a lithium compound oxide as an active material. 
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